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NOVEL PROBES FOR THE DETCCTIONpf MYCOBACTEmA 

The present application claims priority under 35 USC 119(e) (1) fton, P«vl8lonal';;^ication 
Nos. 60/028392 filed on 15 October 1996. 60/029595 filed on 23 Octol»r 1996 and 
60/045,962 filed on 8 May 1997. 

The present invention relates to novel probes and to mixtures of such probes, in addition to 
the design, construction and use of such novel probes or mixtures thereof for detecting a 
target sequence of one or more mycobacteria, which probes ar« capable of detecting such 
organ.sm(s) optionally present in a test sample. e.g. sputum, laryngeal swabs, gastric lavage 
bronchial washings, biopsies, aspirates, expectorates, body fluids (spinal, pleural, pericanJial' 
synovial, blood, pus. bone marrow), urine. Ussue sections as well as food samples soil air ' 
and water samples and cultures thereof. The invention relates in particular to novel probes 
and mixtures thereof for detectng the presence of one or more mycobacteria of the 
Mycobacterium tuberculosis Complex (MTC) and for detecting the presence of one or more 
mycobacteria other than mycobacteria of the Mycobacterium tuberculosis Complex (MOTT) 
The invention further relates to diagnostic kits comprising.one or more of such probes. The 
probes of the present invention are surprisingly able to penetrate the cell wall of the 
mycobacteria, thus making possible the development of fast an easy-performed in situ 
20 protocols. 

BACKGROUND OF THE INVENTION 
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Tubercutosis is a very life-threatening and highly epidemic disease which is caused by 
infection writh Mycobacterium tuberculosis. Tuberculosis is presently the predominant 
infectious cause of morbidity and mortality wortd-wide. and is estimated to kill about three 
million people annually. WHO estimates that the annual number of new cases of tuberculosis 
will increase from 7.5 million in 1990 to 10.2 million in 2000. an escalation that will result in 
approximately 90 million new cases during this decade. It is furthermore estimated that 30 
million people will die from tuberculosis during the 1990s, which equals one quarter of 
preventable deaths among adults. 

The prevalence of tuberculosis has been very high in the poorer parts of the wortd such as 
Asia. Africa and South-America, but in recent years an increase has also been observed in 
industrialised countries. This appears to be due to an inteiBction of various factors including 
i.a. patterns of migration, pooriy organised tuberculosis programmes and nutrition problems. 
Furthemiore. a serious threat will arise from the emergence of new strains that are dnjg 
resistant or worse, multi-drug resistant. 
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Mycobactena are often dMded Into tube«».Ious mycobacteria, i.e. mycobacteria of tt,e 
Mycobacterium tuberculosis Complex (MTC). and non-tube^teus mycobacteria i e 
mycobacteria other man mose of the Mycobacterium tuberculosis Complex (MOTH. The MTC 
group comprises apart f^m M. tuberculosis. M. bovis. M. africanum and M. microti 

Mycobacteria Of the MOTTgroup are not nonnalV pathogenic to healthy individuais but may 
cause disease in immunocompromised individuals, e.g. individual, infected with HIV. Clinical 
relevant mycobacteria of the MOTT group are in particular M. avium. M. intmcellularB M 
kansasiiandM.go,donae.butalsoM.scrofulaceum.M.xenopiandM.fortuitum. ' ' 

M. avium and M. intracellulare together with M. paratuberculosis and M. lepraemurium 
constitute the Mycobacterium avium Complex (MAC). Extended with M. scrofulaceum the 
group is named Mycobacterium avium -intracellulaie -scrofulaceum Complex (MAIS). * 

It IS well-known that treatment of mycobacterial infections with antibiofics may lead to the 
emergence of drug resistant strains. Many antibiotic dmgs excert their effects by interfering 
with pnjtein synthesis or with transcription. Studies of the molecular mechanisms undertying 
certain antibiotic resistence phenotypes in clinical mycobacterium isolates have revealed 
mutations in rRNA genes. The development of resistance because of mutation(s) located in 
the rRNA gene is likely to occur since slow-growing mycobacteria have only a single rRNA 
operon. All mycobacteria populations comprise a minority of drug resistant mutants that have 
ansen by spontaneous mutation. These mutated mycobacteria do nomially not survive 
part«:ulariy well. but. when single-drug therapy is offered as treatment, the drug susceptible 
bacteria are killed, and only the resistant mutants win survive and multiply, and, thus at some 
point, constitute the majority of the mycobacterial population. The selection of drug resistant 
bactena due to inadequate dnig therapy leads to a state of so-called "acquired dmg- 
resistence". In contrast "primary drug-resistance" is used to characterise a situation where 
drug-resistant mycobacteria can be isolated from a patient who has never been treated lor 
mycobacterial infection, and has become infected with drug-resistent mycobacteria from an 
individual suffering from infection with an acquired drug resistant bacterium. 

Today, drug-resistance is detemilned primarily phenotypteally by culturing clinical samples in 
which presence of mycobacteria have been demonstrated, in the presence of the individual 
drugs. This is unlbrtunately a very slow and time-consuming procedure as the result of the 
drug-reslstenca studies depends on the growth rate of the mycobacteria, which are well- 
known to be slow. Thus, the result is not avaHable until after several weeks. 

Although the incwence of dnig-resistance is. at least not yet. very common, it is nevertheless 
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very important that resistant strains are identified and eradicated. Therefore, it is of major 
importance to find a reliable and rapidly performed method of diagnosing drug-resistance. 

Presently, the detection of mycobacteria by microscopy is the most prevalent method for 
5 diagnosis. The sample (e.g. an expectorate) is stained for the presence of acid-fast bacilli 
using e.g. Zlehl-Neelsen staining. However, staining for add-fast bacilli does not provide the 
necessary information about the type of infection, only whether acid fast bacilli are present in 
the sample, and this is in itself not sufficient information for estabfishing a diagnosis. Samples 
positive for acid fast bacilli, may subsequently be cultured in order to be able to perfonn 
10 species Identification. 

Since Ziehl-Neelsen staining cannot be used to determine whether the Infection is caused by 
mycobacteria of the IVITC group or mycobacteria other than mycobacteria of the MTC group, a 
positive staining frequently leads to very costly isolation of ail the patients with suspected M. 
1 5 tuberculosis infection as well as treatment with medicaments to which the patient may not 
even respond. 

Since the sensitivity of acid fast staining Is only approximately 10^-10* per ml smear negative 
samples should also be cultured as culture-based tests are sensitive, and as it may be 
20 possible to detect 10-100 organisms per sample, but the result is not available before up to 8 
weeks of culturing. Likewise, information about drug susceptibility is not available until after 1- 
3 weeks of farther testing. 

Different solid or liquid media (Loewenstein Jensen slants and Dubos broth) have traditionally 
25 been used for culturing of mycobacteria<ontainlng samples. Newer media Include ESP Myco 
Culture System (Difco), MB/BacT (Organon Teknika). BacTec (Becton Dickinson) and MGIT 
(Becton Dickinson). These lest media are based on colourmetric or fluorometric detection of 
carbon dioxide or oxygen produced by mycobacterial metabolism, and adapted to automated 
systems for large scale testing. 

30 

Species identification is presently carried out following culturing using traditional biochemical 
methods or probe hybridisation assays (e.g. AccuProbe by Gen-Probe Inc., USA). There is. 
therefore, an increasing need for means allowing a more rapid distinction between 
mycobacteria of the I^TC group and mycobacteria other than those of the MTC group, and for 
35 farther species identification of those especially mycobacteria other than those of the MTC 
group. 

A number of new attempts to replace the culture-based methods relies on molecular 
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7 t-nscHPtion n^iated amplification. The basic 

.3 ampimed to -ncrease tt,e copy number of tt,e specffic sequence to a level wheZhe 
amphcon may be detectoble. In principle, the methods offers the possibility of detecting only 

'^^ «""ot replace 

c^.ture4,ased methods as only samples which aie posHive by staining for add fast bacill. 
^8) gK,e a satisfactoor sensitivity. Furthem,ore. specific problems exist for each method 
The PGR method may give false negative results due to the presence of inhibitors such as 
haemo^obin. Another pioblem arises ftom cross^ntamlnation of negative specimens and/or 
reagents wrth amplified nucleic acid present in the laboratory environment feeding to false 
posttnre results. A disadvantage is that costly reagents are needed for perfbm,Ing these tests 
Furthem^re. specialised instrumentation Is required, making these tests mainly useful in lame 
specialised laboratories, and generally not applicable in smaller clinical laboratories. 

Nucleic acid probes for detecting rRNA of mycobacteria have been described in for example 
US 5 547 842. EP-A 0 572 120 and US 5 422 242. 

Considering the perspective and impact the disease has. the development of rapid and 
preferably easy-perfom«d and further economic feasible diagnosHc detection tests are of 
utmost importance and would be a very valuabte tool in the fight against the spread of 

tuberculosis. 

Peptide nucteic acids are pseudo-pepHdes with DNA-binding capability. The compounds were 
first reported in the eariy nineties in connection with a series of attempts to design nucleotide 
analogues capabte of hybridising, in a sequence^peciflc fashion, to DNA and RNA. cf WO 
92/20702. 

Hybridisation of peptide nucleic acid probes to DNA and to RNA has been shown to obey the 
Vtetson^rick base pairing rules, and peptkle nucleic acid probes have been found to 
hybridise to a DNA or a RNA target with higher affinity and specificity than the nucleic acid 
counterparts. These properties are ascribed to theuncharged. as opposed to the charged 
structure of the peptide nucleic acid and DNA or RNA backbones, respectively, and to the high 
confpmiational flexibility of the peptide nucleic acid molecules. These features - together with 
the documented stebOity of peptide nucleic acid towards a variety of naturally occumng nuc 
leases and proteases that usually degrade DNA. RNA or proteins - imrite for use of peptide 
nucleic acid probes as antisense therapeutic agents and opens potentially Important 



applications in diagnostics. 



SUMMARY OF THE INVENTION 

The present invention relates to novel peptide nucleic aad probes and to mixtures of such 
probes tor detecting a target sequence of one or more mycobacteria optionally present in a 
sample. 

In a first aspect the present invention relates to peptide nucleic add p«>bes for detecting a 
target sequence of one or more mycobacteria optionally present in a sample, said prebes 
being capable of hybridising to a target sequence of mycobacterial rDNA. precursor rRNA or 
rRNA forming detectable hybrids. In anottier aspect. tt,e invention relates to peptide nucleic 
a«d probes. saWproba being capable of hybridising to a target sequence of mycobacterial 
rONA. precureor rRNA. or 23S. 16S or 5S rRNA fomiing detectable hybrids. 

The peptide nucleic acid prebes according to the present invention are capable of hybridising 
to a target sequence of mycobacterial rDNA. precursor rRNA. or23S. 16S or 5S rRNA fomiing 

detectable hybrids, said target sequence being obtainable by 

(a) comparing ttie nucleobase sequences of said mycobacterial rRNA or rONA of one or more 
mycobacteria to be detected wItt, the corresponding nucleobase sequence of organlsm{s) In 
particular other mycobacteria, from which said one or more mycobacteria are to be 
distinguished. 

(b) selecting a target sequence of said rRNA or rDNA which includes at least one nucleobase 
dilfenng from the corresponding nucleobase of ttie organism(s). in particular ottier 
mycobacteria, from which said one or more mycobacteria are to be distinguished, and 

(c) determining the capability of said probe to hybridise to the selected target seqiienca to 
form detectable hybrids. 

Furttiermore. the peptide nucleic acid probes according to the invention are capable of 
hybridising to a target sequence of mycobacterial rDNA. precursor rf^NA or 23S. 16S or 5S 
rRNA forming detectable hybrids, said probe being obtainable by 

(a) comparing the nucleobase sequences of said mycobacterial rRNA or rDNA of one or more 
mycobacteria to be detected witti Uie corresponding nucleobase sequence of organlsm(s). in 
particular oUier mycobacteria, in particular oUier mycobacteria, from which said one or more 
mycobacteria are to be distinguished. 

(b) selecting a target sequence of said rRNA or rONA which includes at least one nucleobase 
differing from the corresponding nucleobase of ttie organism{s). in particular oUier 
mycobacteria, from which said one or more mycobacteria are to be distinguished. 
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(c) synthesising said probe, and 

(d) detemiining the capability of said probe to hybridise to the selected target sequence to 
form detectable hybrids. 

In a further aspect, the invention relates to novel peptide nucleic add probes for detecting a 
target sequence of one or more nrycobacteria of the Mycobacterium tuberculosis Complex 
(MTC). or for detecting a target sequence of one or more mycobacteria other than 
mycobacteria of the Mycobacterium tuberculosis Complex (MOTT) optionally present in a 
sample, which probes comprises from 6 to 30 polymerised peptide nucleic acid moieties, said 
probe being capable of hybridising to a target sequence of mycobacterial rDNA. precursor 
rRNA or 23S. 16S or 5S rRNA fomiing detectable hybrids. Suitable probes are those of 
formula (1) comprising from 10 to 30 polymerised moieties of formula (I) 



(I) 



wherein each X and Y independently designate O or S, 

each Z independently designates O. S. NR\ or C{R\, wherein each independently 
designate H, C^^ alkyl. C,^ alkenyl. C,^ ajkynyl. 

each R^ R^ and R* designate independently H, the side chain of a naturally occurring amino 
acid, the side chain of a non-naturally occurring amino acid. C,^ alkyl. C,^ alkenyl or C,^ 
alkynyl, or a functional group, each Q independently designates a naturally occurring 
nucleobase. a non-naturally occurring nucleobase, an Intercalator. a nucleobase-binding 
group, a label or H, 

with the proviso that the probe comprising such subsequence Is capable of forming detectable 
hybrids with the target sequence of said mycobacterial rDNA, precursor rRNA or 23S 16S or 
5S rRNA, 




Suitable probes for detecting a target sequence of 23S rRNA of one or more mycobacteria of 
the Mycobacterium tuberculosis Complex (MTC) optionally present in a sample comprise from 
10 to 30 polymerised moieties of fonmula (I) as defined above, with the proviso that the Qs of 
adjacent moieties are selected so as to fomi a sequence of which a subsequence includes at 
least one nucleobase that is complementary to a nucleobase of M. tuberculosis 23S rRNA 
differing firom the corresponding nucleobase of at least M, avium located within the following 
domains 



Positions 149-158 in Figure 1A, 

Positions 220-221 in Rgure 1A, 

Positions 328-361 in Figure 1A and Figure IB. 

Positions 453-455 in Figure IB, 

Positions 490-501 in Figure IB. 

Positions 637-660 in Rgure 1C. 

Positions 706-712 in Figure 1D. 

Positions 762-789 in Figure ID. 

Position 989 in Figure ID, 

Positions 1068-1072 in Figure ID, 

Position 1148 in Figure 1E, 

Positions 1311-1329 in Figure IE. 
Positions 1361-1364 in Figure IF. 
Position 1418 in Figure IF. 
Positions 1563-1570 in Figure 1F, 
Positions 1627-1638 in Figure 1G, 
Positions 1675-1677 in Figure 1G. 
Position 1718 In Figure 1G, 
Positions 1 734-1 740 in Figure 1 H. 
Positions 1967-1976 in Figure 1H.. 
Positions 2403-2420 in Figure 1H, 
Positions 2457-2488 in Rgure 1 1, 
Positions 2952-2956 in Figure II, 
Positions 2966-2969 in Figure 1J, 
Positions 3000-3003 In Figure 1J or 
Positions 3097-3106 in Figure 1J, 

and further with the proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 23S rRNA. 

Suitable probes for detecting a target sequence of 1 6S rRNA of one or more mycobacteria of 
the Mycobacterium tuberculosis Complex (MTC) optionally present In a sample comprise from 
1 0 to 30 polymerised moieties of formula (I) as defined above, witii ttie proviso that the Qs of 
adjacent moieties are selected so as to form a sequence of which a subsequence includes at 
least one nucleobase tiiat is complementary to a nucleobase of M. tuberculosis 16S rRNA 
differing from the corresponding nucleobase of at least M. avium located within tiie following 
domains 
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Positions 76-79 in Figure 2A. 
Positions 98-101 in Figure 2A. 
Positions 135-136 in Figure 2 A. 
Positions 194-201 in Figure 2B, 
Positions 222-229 in Figure 2B, 
Position 242 in Figure 2B, 
Position 474 in Figure 2C, 
Positions 1136-1145 in Figure 2C. 
Positions 1271-1272 in Figure 2C, 
Positions 1287-1292 in Figure 2D. 
Position 1313 in Figure 2D, or 
Position 1334 in Figure 2D. 



and ft,rther with me proviso that the p,ot» comprising such su.«equence is capable of fbrmina 
detectable hybrids with a target sequence of said mycobacteria. li rRNA! ' 

Sui^ble probes .or detecting a target sequence of 5S rRNA of one or more mycobacteria of 

10 to 30 polyn^ensed moie«es Of formula (I) as defined above, with .he ^^^^^^^ 
adjacent mo,et,es are selected so as to f6rm a sequence of which a subsequence includes at 
least one nucleobase that is complementary to a nucleobase of M.- tube«:ulosis 5S rRNA 
diffenng from me corresponding nucleobase of at least M. avium located within the following 



Positions 86-90 in Figure 3 

dettlTrrr """''""^ '""^ ^•^""-^ fo""ing 

detectable hybnds with a target sequence of said mycobacterial 5S rRNA. 

in a preferred aspect, the invenUon relates to peptide nucleic acid probes for detecting a target 

sequence of 23S or 1 68 ri,NA of one or more mycobacteria of me l^ycobacerium 
tuberculosis Complex (MTC) optionally present In a sample comprising from 1 0 to 30 
polymerised moieties of formula (I) as defined above, wim me proviso mat me Qs of adjacent 
mo.e«es are selected so as to fomi a sequence of which a subsequence includes at least one 
nucleobase mat is complementary to a nucleobase of M. tuberculosis 23S or 16S rRNA 
d-ffenng from the corresponding nucleobase of at least M. avium located wimin me following 



Positions 149-158 In Figure 1A, 

Positions 328-361 in Figure 1A and Figure IB. 

Positions 490-501 in Figure IB. 

Positions 637-660 In Figure 1C, 
5 Positions 762-789 in Figure 1 D, 

Positions 1068-1072 in Figure ID. 

Positions 1311.1329 in Figure IE, 

Positions 1361-1364 In Figure 1F. 

Positions 1563-1570 in Rgure IF, 
10 Positions 1627-1638 in Figure 1G. 
Positions 1734-1740 in Figure 1H. 
Positions 2457-2488 in Figure 11, 
Positions 2952-2956 in Figure II, 
Positions 3097-3106 in Figure 1J. 
15 Positions 135-136 In Figure 2 A, or 
Positions 1287-1292 in Figure 2D, 
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and further with the proviso ttiat tiie probe comprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 23S or 16S rRNA. 

In a liirther embodiment, the present invention relates to peptide nucleic acid probes for 
detecting a target sequence of 23S rRNA of one or more mycobacteria otiier ttian 
mycobacteria of the Mycobacterium tuberculosis Complex (MOTT) optionally present in a 
sample comprising from 10 to 30 polymerised moieties of formula (1) as defined above, witii 
the proviso that the Qs of adjacent moieties are selected so as to form a sequence of which a 
subsequence Includes at least one nucleobase that is complementary to a nucleobase of M. 
avium 23S rRNA differing from the corresponding nucleobase of at least M. tuberculosis 
located within the following domains 

30 Positions 99-1 01 In Figure 4A, 

Position 183 in Figure 4A. 

Positions 261-271 in Figure 4A, 

Positions 281-284 in Figure 4B, 

Positions 290-293 In Rgure 4B, • 
35 Positions 327-335 in Figure 4B. 

Positions 343-357 in Figure 4B, 

Positions 400-405 in Figure 4B and Figure 4C. 

Positions 453-462 in Figure 4C. 



Positions 587-599 in Figure 4C, 
Positions 637-660 in Figure 40, 

Positions 704-712 tn Figure 40, 

Positions 763-789 In F^ure 4E. 

Positions 1060-1074 in Figure 4E. 

Positions 1177-1185 in Figure 4E, 

Positions 1259-1265 in Rgure 4F. 

Positions 1311-1327 in Figure 4F. 

Positions 1345-1348 in Figure 4F, 

Positions 1361-1364 in Figure 4G, 

Positions 1556-1570 in Figure 4G, 

Positions 1608-1613 in Figure 4H. 

Positions 1626-1638 In Figure 4H. 

Positions 1651-1659 in Figure 4H, 

Positions 1675-1677 in Figure 4H. 

Positions 1734-1741 in Figure 4H, 

Positions 1847-1853 In Figure 41. 

Positions 1967-1976 in Figure 41, 

Positions 2006-2010 In Figure 41, 

Positions 2025-2027 In Figure 41. 

Positions 2131-21 32 in Figure 4J. 

Positions 2252-2255 in Figure 4J, 

Positions 2396-2405 in Figure 4J and Figure 4K, 

Positions 2416-2420 in Figure 4K. 

Positions 2474-2478 In Figure 4K, 

Position 2687 In Figure 4K, 

Position 2719 in Figure 4K, 

Position 2809 in Figure 4L, 

Positions 3062-2068 in Figure 4L. or 

Positions 3097-3106 in Figure 4U 



and further witii «ie proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 23S rRNA. 

The invention further relates to peptide nucleic acid probes for detecting a target sequence of 
16S rRNA of one or more mycobacteria otiier than mycobacteria of ttie Mycobacterium 
tuberculosis Complex (MOTT) optionally present in a sample comprising from 10 to 30 
polymerised moieties of iomiula (I) as defined above, with the proviso tiiat ttie Qs of adjacent 
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moieties are selected so as to form a sequence of which a subsequence includes at least one 
nucleobase that is complementaiy to a nudeobase of M. avium-16S rRNA differing from the 
corresponding nucleobase of at least M. tuberculosis located within the following domains 

5 Positions 1 35-1 36 in Figure 5A, 
Positions 472-475 in Figure 5A. 
Positions 1136-1144 In Figure 5A, 
Positions 1287-1292 in Figure 5B. 
Position 1313 in Figure 5B, or 
10 Position 1 334 in Figure 5B, 

and further with the proviso that the probe comprising such subsequence is capable of forming 
. detectable hybrids with a target sequence of said mycobacterial IBS rRNA. 

15 In a preferred embodiment, the invention relates to peptide nucleic acid probes for detecting a 
target sequence of 23S or IBS rRNA of one or more mycobacteria other than mycobacteria of 
the Mycobacterium tuberculosis Complex (MOTT) optionally present in a sample, which 
probes comprise from 10 to 30 polymerised moieties of formula (I) as defined above, with the 
proviso that the Qs of adjacent moieties are selected so as to fomn a sequence of which a 

20 subsequence includes at least one nucleobase that is complementaiy to a nucleobase of M. 
avium 23S or IBS rRNA differing from the corresponding nucleobase of at least M. 
tuberculosis located within the following domains 

Positions 99-101 in Figure 4A. 
25 Positions 290-293 in Figure 48. 

Positions 400-405 in Figure 48 and Figure 4C, 

Positions 453-4B2 in Figure 4C, 

Positions 637-660 in Figure 4D, 

Positions 763-789 in Figure 4E, 
30 Positions 1 3 1 1 -1 327 in Figure 4F. 

Positions 1361-1364 in Rgure 4G. 

Positions 1734-1741 in Figure 4H. 

Positions 2025-2027 in Figure 41, 

Positions 2474-2478 in Figure 4K, 
35 Positions 3062-2068 in Figure 4L. or 

Positions 1287-1292 in Figure 5B, 

and further with the proviso that the probe comprising such subsequence Is capable of forming 
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detectable hybrids with a target sequence of said mycobacterial 23S or 16S rRNA. 

In another embodiment, the present invention relates to peptide nucleic add probes for 
detecting a target sequence of 23S. 16S or 5S rRNA of one or more mycobacteria of the 
5 Mycobacterium tuberculosis Complex (MTC) or for detecting a target sequence of 23S. 16S or 
5S rRNA of one or more mycobacteria other than mycobacteria of the Mycobacterium 
tuberculosis Complex (MOTT). rn particular dnjg resistant mycobacteria, optionally present in 
a sample, which probes comprise from 10 to 30 polymerised moieties of fomiula (I) as defined 
above, with the proviso that the Qs of adjacent moieties are selected so as to form a 
10 sequence of which a subsequence includes at least one nudeobase that is complementary to 
a nudeobase that differs from the con-esponding nudeobase of 23S, 16S or 5S rRNA of said 
one or more mycobacteria located within the following domains 

Positions 2568-2569 in Figure 6, 
1 5 Position 452 in Figure 7, 

Positions 473-477 in Figure 7. or 
Positions 865-866 in Figure 7, 

and further with the proviso that the probe comprising such subsequence is capable of forming 
20 detectable hybrids with the target sequence of said mycobacterial 23S, 16S or 5S rRNA. 

In preferred embodiments, the peptide nucleic acid probes according to the invention are 
those of fomiula (11). (Ill), or (IV) 
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Wherein 2. R». and R^ and Q is as defined above, and further with the provisos defined 
above. In may especially be preferred that 2 is NH. NCH, or O. each R^ R^ and R* 
independently designate H or the side chain of a naturally occurring amino acid, the side chain 
of a non-naturally occurring amino acid, or C,^ alkyl. and each Q Is a natumlly occurring 
nucleobase or a non-naturally occurring nucleobase. In a further preferred embodiment. 2 Is 
NH or O. and R^ is H or the side chain of Ala. Asp. Cys. Glu. His, HomoCys, Lys Om Ser or 
Thr, and Q i, a nucleobase selected from thymine, adenine, cytosine, guanine, uracil, iso^ 
and 2,6-diaminopurine. The pepUde nucleic acid probes may suitably be those of fbmiula (V) 




(V) 



Wherein R* is H or the side chain of Ala. Asp. Cys. Glu. His. HomoCys, Lys. Om, Ser or Thr. 
and Q is as defined above, and wKh the provisos defined above. 

Such peptide nucleic acid probes may further comprise one or more labels and a mixture of 
such probes, which labels may be mutually identical or different, which probes optionally may 
comprise one or more linkers, and which probes may be mutually Identical or different with the 
provisos defined above. 

For many applications, it Is preferred that the nucleobase sequence of the peptide nucleic add 
probes is substantially complementary to the nucleobase sequence of the target sequence In 
preferred embodiments, the nucleobase sequence of said probe is compiementaiy to the 
nucleobase sequence of said target sequence. 

Peptide nucleic acid probes for detecting a target sequence of one or more mycobacteria of 
the IMycobacterium tuberculosis Complex (MTC) or for detecting a target sequence of one or 
more mycobacteria other than mycobacteria of the Mycobacterium tuberculosis Complex 
(MOTT) are suitably those wherein the Qs of adjacent moieties are selected so as to fom, the 
following subsequences 

AGA TGC GGG TAG CAC (selected from positions 149-158 in Figure 1A). (Seq ID no 1) 

TGT TTT CTC CTC CTA (selected from positions 220-221 In Figure 1A). (Seq ID no 2) 

ACT GCC TCT CAG CCG (selected from positions 328-361 in 
Figure 1A and Figure IB), • 

TGA TAC TAG GCA GGt (selected fron, posHlons 453-155 In Figure 1B). ,d "o 4! 

CGGATTCACAGCGGA(8electedfrempo,ltlon8490-501inFigure1B). (SeqIDnoS) 
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TTA ACC TTG CQA CAT (selected from positions 706-712 In Figure IC). (Sea ID no 7. 

ACTATrCACACGCGC(selec.edftomposl«ons762-789.„F,gure1,i. Dno^ 

5 CTCCGCGGTGAACCACseN^tedt^posmonaSDInFlaurek 2 ° 

GCT TTA CAC CAC GGC (selected from posi«ons 1068-1072 In Figure ID,. i^toZl 

ACGCTTGGGGGCCTT(selectedt^.poslU0„n48U,Flgure1^. se^ ^ " 

CCACACCCACCACAA(se.ec.edftomp„,«i„„M311-1329,nF.gure1E). ^ d" 1 

CCG GTG GCT TCG CTG (selected Uo^ poslUons 1361-1364 In Figure lS D no 3 

10 ACTTGCCTTGTCGCT(selected,ren,pos«lon1418lnRgure1F, (sLlOno! 

GATTCGTCACGGGCG(«,lectedfton,posl.lons1563-1570lnFlgurein. ID^o 5 

AAC TCC ACA CCC CCG (selected f^n, positions 1627-1638 In Figure ij ^ D ^ 6 

ACT CCA CAC CCC CGA (selected fr^ pos«lons 1627-1638 In FIgu. 1 G o Z ^ 

ACCCC-rTCGCTTGAC(se.ected,^.pos«on,ie75-1677,„F,gu.1G (S^ ID 18^ 

CTT GCC CCA GTG TTA (selected l«,m position 1718 In Rgure IG). sm D Z Z 

CTC TCC CTA CCG GCT (selected from po,«lons 1734-1 740 In Figure IH). Se^ ID no 20 

GATATTCCGGTCCCC(.e.ec.edfrompos«.o„s1967-1976.nRgure1H). [s^^oZll 

ACT CCG CCC CAA CTG (selected from positions 2403-2420 in Figure IH). (Seq 10 no 22) 

CTG TCC CTA AAC CCG (selected from positions 2457-2488 In Figure II). (Seq ID no 23) 

20 TTC GAG GTTAGATGC(8elecU«lfromposltlons2457-2488ln Rgure II). (SeqlDno24 

GTC CCT AAA CCC GAT (selected from positions 2457-2488 in Rgure II). (Seq ID no 26) 

GGT GCA CCA GAG GTT (selected from positions 2952-2956 In Figure II). (Seq ID no 26) 

CTG GCG GGA CAA CTG (selected from positions 2966-2969 in Rgure 1J). (Seq ID no 27) 

TTA TCC TGA CCG AAC (selected from posiUons 3000-3003 In Figure 1J). (Seq ID no 28) 

GAC CTA TTG AAC CCG (selected from positions 3097-3106 in Figure 1J). (Seq ID no 29) 

GAA GAG ACC TTT CCG (selected from positions 76-79 In Figure 2A). (Seq ID no 30) 

CACTCGAGTATCTCC(selectedfrompo8lHons98-101 in Figure 2A). (SeqlDno31) 

ATC ACC CAC GTG TTA (selected from positions 136-136 in Rgure 2A). (Seq ID no 32) 

GCA TCC C6T GGT CCT (selected from positions 194-201 in Figure 2B). (Seq ID no 33) 

CAC AAG ACA TGC ATC (selected from positions 194-201 In Figure 2B). (Seq ID no 34) 

TAA AGC GCT TTC CAC (selected from positions 222-229 in Figure 2B). (Seq ID no 35) 

GCT CAT CCC ACA CCG (selected from position 242 in Figure 2B). (Seq ID no 36) 

CCG AGA GAA CCC GGA (selected from poslUon 474 in Rgure 2C), (Seq ID no 37) 

AGT CCC CAC CAT TAC (selected from positions 1 1 36-1 145 In Figure 2C), (Seq ID no 38) 

AAC CTC GCG GCA TCG (selected from positions 1271-1272 In Rgure 2C). (Seq ID no 39) 

GGC TTT TAA GGA TTC (selected from positions 1287-1292 In Figure 2D). (Seq ID no 40) 

GAC CCC GAT CCG AAC (selected from position 1313 in Figure 2D). {Seq |D no 41) 

CCG ACT TCACGG GGT (selected from position 1334 in Figure 2D). (SeqlDno42) 

CGG AGG GGC AGT ATC (selected from positions 86-90 bt Rgure 3). (Seq ID no 43) 

GATCAATGCTCGGTT(8electedftomposltions99-101l„Flgure4A). (SeqlDno44) 
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TTC CCC GCG TTA CCT (selected from position 1 83 in Rgure 4A). (Seq ID no 45) 

TTA GCC TGT TCC GGT (selected from positions 261-271 In Figure 4A), (Seq ID no 46) 

GCA TGC GGT TTA GCC (selected from positions 281-284 in Figure 4B), (Seq ID no 47) 

TAG CCG GTT GTC CAT (selected from positions 290-293 in Figure 4B). (Seq ID no 48) 
5 GTA GAG CTG AGA CAT (selected from positions 327-335 and 

343-357 in Figure 4B), (Seq ID no 49) 
GCC GTC CCA GGC CAC (selected from positions 400-405 in 

Figure 4B and Figure 4C), (Seq ID no 50) 

CTG GGG TGT TGA TAT (selected from positions 453-462 In Figure 4C), (Seq ID no 51) 

1 0 ACT ATT TCA CTC CCT (selected from positions 587-599 in Figure 4C>, (Seq ID no 52) 

ACG CCA TCA CCC CAC (selected from positions 637-660 In Figure 4D). (Seq ID no 53) 

GGA GGT GTC GCT GAG (selected from positions 704-712 in Figure 4D). (Seq ID no 54) 

ACT AGA CCC CAA AGG (selected from positions 763-789 In Figure 4E). (Seq ID no 55) 

CAC GCT TTT ACA CCA (selected from positions 1060-1074 in Rgure 4E). (Seq ID no 66) 

15 GCG ACT ACA GAT CCT (selected from positions 1 177-1 1 85 in Figure 4E), (Seq ID no 57) 

GGG GGG ATA ATC ACT (selected from positions 1259-1265 in Figure 4F). (Seq ID no 58) 

CCA CAT CCA CCG TAA (selected from positions 1311-1327 In Figure 4F). (Seq ID no 59) 

GGG TGA ATG GGG GAG (selected from positions 1 345-1 348 in Figure 4F). (Seq ID no 60) 

GGA GCT TCG CTG AAT (selected from positions 1361-1364 in Figure 4G). (Seq ID no 61) 

20 GGG TCA CCC GGA GCT (selected from positions 1361-1364 in Figure 4G), (Seq ID no 62) 

GGA GGG GCA TAG ACG (selected from positions 1556-1570 in Figure 4G), (Seq ID no 63) 

GAA GGG GAA TGG TCG (selected from positions 1608-161 3 in Figure 4H). (Seq ID no 64) 

AAT GGC CAC GCC CCC (selected from positions 1626-1638 in Figure 4H), (Seq ID no 66) 

GAG GGA AGG TCC GAG (selected from positions 1651-1659 in Figure 4H), (Seq ID no 66) 

25 GTC ACG CCA TTG CTT (selected from positions 1675-1677 in Figure 4H), (Seq ID no 67) 

ATG GCT CTC TAG GGG (selected from positions 1 734-1 741 In Figure 4H), (Seq ID no 68) 

GTG TAT GTG CTC GCT (selected from positions 1 847-1 853 in Figure 41), (Seq ID no 69) 

ACG GTA TTG GGG GCC (selected from positions 1967-1976 in Figure 41), (Seq ID no 70) 

GGC GGA ATG GGG GTC (selected from positions 2006-2010 in Figure 41). (Seq ID no 71) 

30 AAA GAG TCG GTA CCC (selected from positions 2025-2027 in Figure 41). (Seq ID no 72) 

CCT TAG GGG TTA ACG (selected from positions 21 31 -21 32 In Figure 4J), (Seq ID no 73) 

GAG ACA GTT GGG AAG (selected from positions 2252-2255 in Figure 4J). (Seq ID no 74) 
TGG GGT CTG TGC TTC (selected from positions 2398-2405 in 

Figure 4J and Figure 4K), (Seq ID no 75) 

35 GGA CTG GAG ACA AAG (selected from positions 2416-2420 In Figure 4K), (Seq ID no 76) 

GAT AAG GGT TCG ACG (selected from positions 2474-2478 in Figure 4K). (Seq ID no 77) 

ATC GGT TGA GTG ACA (selected from position 2687 In Figure 4K). (Seq ID no 78) 

GAG CCG GTT ATC CCC (selected from position 271 9 in Figure 4K). (Seq ID no 79) 

AAG CTT TGG GAG CTG (selected from position 2809 in Figure 4L). (Seq ID no 80) 

40 TAA AAG GGT GAG AAA (selected from positions 3062-3068 in Figure 4L). (Seq iD no 81) 

GTC TGG CCT ATC AAT (selected from positions 3097-3106 in Figure 4L), (Seq ID no 82) 



AGA TTG CCC ACG TGT (selected from positions 135-136 in Rgure 5A). 



(Seq ID no 83) 
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(SeqlOno84) 
(SeqlOno85) 
(Seq ID no 86) 
(Seq ID no 87) 
(Seq ID no 88) 



AAT CCG AGA AAA CCC (selected from posHlons 472-475 in Rgun. 6A) 
GCA TTA CCC GCT G6C (selected from positions 1136-1144 In Flgiire 58) 
TTA AAA GGA TTC GCT (selected liom positions 1287-1292 in Rgun, 58) " 
AGA CCC CAA TCC GAA (selected from position 1313 In Figu« SB) " 
GAC TCC GAC TTC ATG (selected from position 1334 in FIgum SB)." 

GTC TTT TCG TCC TCC (sel«*ed from positions 2568-2S69 In FIguw 8). (Seo ID no 89^ 

GTCTTATCGTCCTGC(sei.ctedfromposltions2568.nRgure6) ^ZZZ 

GTCTTCTCGTCCTGC(selectedtn.mpositions2568i„Pigure6). ^lZ2 

GTC TTG TCG TCC TGC (selected from position. 2568 in Figure 6, " „"! 

GTCTATTC6TCCTGC(se.ec.edfromposmons2568,nRguro6,. (2 .Do 93 

GTCTCTTCGTCCTGC(se.ec.edfromposl«ons2568,nRgure6,. 2 D oS 

GTCTGTTCGTCCTGC(se,ecU..frompo,.t.ons2568inRgure6, ^TrlTJ^ 

TTG GCC GGT 6CTTCT (selected from positions 452 In Rgure 7). (sea ID no SS> 

TTG GCC GGT ACT TCT (seiected fron, position. 452 In Rgu« 7). 2 „ Z 2 

TTGGCCGGTCCTTCT(seiectedf™mposition.452inRgure7). TJoZZ 

TTGGCCGGTTCTTCT(se.eCedf^mpos.«ons452lnRgu,e7,. ^^oZZ 

ACC GCG GCT ACT GGC (seiected from positions 473 in Rgure 7). (Seq ID no 101 

ACCGCGGCTCCTGGC(selec.edfromposition,473inRgure?.or Seq, o no 02 

ACC GCG GCT TCT GGC (selected from positions 473 in Figure n ' o no 03 

CGG CAG CTG GCA CGT (seiected from positions 474 in Rgure 7). ^ D Z 2 

CGG CCGCT6GCACGT(selectedfrompositlons474inFlgure7). (SeqIDnolOS 

CGG CTG CTG GCA CGT (selected from positions 474 In Figure 7). (Seq ID no 10« 

CGTATTACCGCAGCT (selected from positions 477 in Rgure 7). (SeqlDnolOT) 

CGTATTACCGCCGCT (selected from position. 477 in Rgure 7). (SeqlDno107) 

CGTATTACCGCTGCT (selected from positions 477 in Figure 7), (SeqIDnolOS) 

TTC CTT TGA GTT TTA (selected from positions 865-866 in Figure 7). (Seq ID no 110) 

TTC CTT TAA GTT TTA (selected from positions 865 in Figure 7). (Seq |D no 1 1 1) 

rrc CTT TCA GTT TTA (selected from positions 865 in Figure 7). (Seq ID no 112) 

TTC CTT TTA GTT TTA (selected from positions 865 in Figure 7). (Seq ID no 1 1 3) 

TTC CTT AGA GTT TTA (seiected from position. 866 in Rgum 7). (Seq ,D no 114) 

TTC CTT CGA GTT TTA (selected from positions 866 in Rgure 7), (Seq id no 1 15) 

rrc CTT GGA GTT TTA (selected from positions 866 in Rgure 7), (Seq |D no 1 16) 

CAT GTG TCC TGT GGT ' 

CGTCAGCCCGAGAAA {SeqlDno117) . 
CACTACACACGCTCG 
TGG CGT TGA GGT TTC and 
AAC ACT CCC TTT GGA 



(Seq ID no 119) 
(Seq ID no 120) 
(Seq ID no 123). 



In a preferred embodiment such probes are those wherein the Qs of adjacent moieties 



are 
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selected so as to form the following subsequences 



TCA CCA CCC TCC TCC 
CCA CCC TCC TCC 
5 ACTATTCACACGCGC 
CCA CAC CCA CCA CAA 
AAC TCC ACA CCC CCG 
ACT CCA CAC CCC CGA 
ACT CCG CCC CAA CTG 
1 0 CTG TCC CTA AAC CCG 
TTC GAG GTT AGA TGC 
GTC CCT AAA CCC GAT 
GAC CTA TTG AAC CCG 

1 5 GCA TCC CGT GGT CCT 
CAC AAG ACA TGC ATC 
GGC TTT TAA GGA TTC 

GAT CAA TGC TCG GTT 
20 CGA CTC CAC ACA AAC 

GCA TTA CCC GCT GGC 
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) 



GTC TTA TCG TCC TGC 
GTC TTC TCG TCC TGC 
GTC TTG TCG TCC TGC 
GTC TAT TCG TCC TGC 
GTCTCTTCG TCC TGC 
GTC TGT TCG TCC TGC 

AAC ACT CCC TTT GGA 

CAT GTG TCC TGT GGT 
CGT CAG CCC GAG AAA 

CAC TAC ACA CGC TCG, 
TGG CGT TGA GGT TTC 



(Seq 10 no 6) 
(modified Seq ID no 6) 

(Seq 10 no 8) 
(Seq ID no 12) 
(Seq ID no 16) 
(Seq 10 no 17) 
(Seq ID no 22) 
(Seq ID no 23) 
(Seq 10 no 24) 
(Seq 10 no 25) 
(Seq ID no 29) 

(Seq ID no 33) 
(Seq ID no 34) 
(Seq ID no 40) 

(Seq ID no 44) 
(Seq ID no 76) 

(Seq ID no 85) 

(Seq ID no 90) 
(Seq ID no 91) 
(Seq ID no 92) 
(Seq ID no 93) 
(Seq ID no 94) 
(Seq ID no 95) 

(Seq ID no 123) 

(Seq ID no 117) 
(Seq ID no 118) 

(Seq ID no 119), 
(Seq ID no 120) 



In accordance herewith, the present invention relates to peptide nucleic acid probes selected 
from 



Ly8(Flu).Lys(Ru)-TCA CCA CCC TCC TCCNHj 



(OK 446Anodified Seq ID no 6) 
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Lys(Flu)-Lys(Ru)-CCA CCC TCC TCC-NHj 
Lys(Flu^Lys(Flu>-ACT ATT CAC ACG CGC-NH, 
Lys(Fru)-ACT ATT CAC ACG CGC-NHj 
Lys(Fru)-Lys(Flu>-CCA CAC CCA CCA CAA-NHj 
Lys(Flu)-Ly8{Ru)-AAC TCC ACA CCC CCG-NHj 
Lys{FIu)-Ly8(nu).ACT CCA CAC CCC CGA-NHj 
Lys(Flu).Lys(Ru)-ACT CCG CCC CAA CTG-NHj 
Lys(Flu).Lys(Ru)-CTG TCC CTA AAC CCG-NHj 
Lys(Flu)-Lys(Flu)-Trc GAG GTT AGA TGC-NHj 
Lys(Ffu)-TTC GAG GTT AGA TGC-NH, 
Lys(Flu).Lys(FluH3TC CCT AAA CCC GAT-NHj 
Lys(Flu)-GTC CCT AAA CCC GAT-NHj 
Lys(Ru)-GAC CTA TTG AAC CCG-NHj 

Lys(Ru)-Lys(Flu)-Gly-GCA TCC CGT GGT CCT-NHj 
Lys(Ru)-Lys(Ru)-CAC AAG ACA TGC ATC-NHj 
Lys(FIu)-CAC AAG ACA TGC ATC-NHj 
Lys(Flu)-GGC TTT TAA GGA TTC-NHj 
Lys(Rho)-GGC TTT TAA GGA TTC-NHa 

Ru-Mla-p-Ala-GAT CAA TGC TCG CTT-NHa 
Ru-P-AIa-p-Ala-CGA CTC CAC ACA AAC-NHj 

Flu-p-AIa-p-Ala-GCA TTA CCC GCT GGC-NHj 

Lys(Flu)-GTC TTT TCG TCC TGC-NHj 
Lys{Rho)-GTC TTA TCG TCC TGC-NHj 
Lys(Rho)-GTC TTC TCG TCC TGC-NHj 
Lys(Rho)-GTC TTG TCG TCC TGC-NHa 
Lys(Rho)-GTC TAT TCG TCC TGC-NHj 
Lys(Rho)-GTC TCT TCG TCC TGC-NH^ 
Lys(Rho)-GTC TGT TCG TCC TGC-NHa 

Lys(Ru).AAC ACT CCC TTT GGA-NHj 



(OK 575/modified Seq ID no 6) 
(OK 447/modified Seq ID no 8) 
(OK 688/modtfied Seq ID no 8) 
(OK 448/modified Seq ID no 12) 
(OK 449MK>dified Seq ID no 16) 
(OK 309/modified Seq ID no 17) 
(OK 450/modified Seq ID no 22) 
(OK aOS^iodffied Seq ID no 23) 
(OK 306/modmed Seq ID no 24) 
(OK 682/modifled Seq ID no 24) 
(OK 307/rnodlfied Seq ID no 25) 
(OK 654/modmed Seq ID no 25) 
(OK 660/modified Seq ID no 29) 

(OK 223/modified Seq ID no 33) 
(OK 310/modified Seq ID no 34) 
(OK 655/modified Seq ID no 34) 
(OK 689/modffied Seq ID no 40) 
(OK689/modlfied Seq ID no 40) 

(OK 624/modlfied Seq ID no 44) 
(OK 612/modified Seq ID no 76) 

(OK 623/modlfied Seq ID no 85) 



(OK745/modiffed 
(OK 746/modified 
(OK 746/modlfied 
(OK 746/modifled 
(OK 747/modifled 
(OK 747/modified 
(OK 747/modified 



Seq ID no 89) 
Seq ID no 90) 
Seq ID no 91) 
Seq ID no 92) 
Seq ID no 93) 
Seq ID no 94) 
Seq ID no 95) 



(OK 749/modmed Seq ID no 123) 



wherein Flu denotes a 5-(and 6)^rboxyf!uoroescein label and Rho denotes a rhodamine 
label. 



In a further aspect, the Invention relates to the use of peptide nucleic acid probes as defined 
above or a mixture thereof for detecting a target sequence of one or more mycobacteria 
optionally present in a sarnple. In particular, the invention relates to the use of a peptide 
nucleic acid probe or a mixture thereof for detecting a target sequence of one or more 
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mycobacteria of the Mycobacterium tuberculosis Complex (MTC), In particular a target 
sequence of M. tuberculosis, and further to the use of peptide nudeic add probes or a mbcture 
thereof for detecting a target sequence of one or more mycobacteria other than mycobacteria 
of the Mycobacterium tuberculosis Complex (MOTT). in particular a target sequence of one or 
5 more mycobacteria of the Mycobacterium avium Complex. 

The invention further relates to a method for detecting a target sequence of one or more 
mycobacteria optionally present in a sample comprising 

(1) contacting any rRNA or rDNA present in said sample witti one or more peptide 
''O nucleic acid probes as defined above or a mixture thereof under conditions, whereby 

hybridisation takes place between said probe(s) and said rRNA or rDNA. and 

(2) observing or measuring any fomied detectable hybrids, and relating said 
observation or measurement to ttie presence of a target sequence of one or more 
mycobacteria in said sample. 

15 

In particular, the invention relates to a method for detecting a target sequence of one or rtx>re 
mycobacteria of the Mycobacterium tuberculosis Complex (MTC), in particular a target 
sequence of M. tuberculosis, or to a method for detecting a target sequence of one or more 
mycobacteria other than mycobacteria of the Mycobacterium tuberculosis Complex (MOTT). 
20 In preferred embodiments, the hybridisation takes place in situ, or takes place in vitro. In an 
embodiment, a signal amplifying system is used for measuring ttie resulting hybridisation. It is 
further preferred that the sample is a sputum sample. 

Furthermore, the invention relates to kits for detecting a target sequence of one or more 
25 mycobacteria, in particular a target sequence of one or more mycobacteria of ttie 

Mycobacterium tuberculosis Complex (MTC), and in particular a target sequence of M. 

tuberculosis, and/or for detecting a target sequence of one or more mycobacteria other ttian 

mycobacteria of the Mycobacterium tuberculosis Complex (MOTT), in particular a target 

sequence of one or more mycobacteria of tiie Mycobacterium avium Complex (MAC), which 
30 kit comprise at least one peptide nucleic acid probe as defined above, and optionally a 

detection system witii at least one detecting reagent In one embodiment thereof, ttie kit 

further comprises a solid phase capture system. 

BRIEF DESCRIPTION OF THE FIGURES 
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Alignments of rDNA sequences of M. tuberculosis (as a representative of ttie MTC group) and 
important dosely related species ttiereto. including M. avium (as a representative of the 
mycobacteria other ttian those of the MTC group) and important dosely related species 
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fijS. sequences obtained by sequenang performed at DAKO 

! 

Mlgnment for the MTC group (23S rONA) 

Rgures 1 A-1J show aUgnments of 23S rONA seoueneee «f m ^.k . • 
GB MTCY1 30 • . sequences of M. tuberculosis (GenBank entry 

GB.MTCY1 30, accession number 273902). M. avium (GenBank entry GB:I^3SRI^ 
accession number X74494,. M. paratubercuiosis (GenBank entry OBMPAr7^^^„ 
numbe. X7449S, ph,e. (OenBank entry GB:MP23SR,^ alJ^.Z^,^7 

eB.MG23SRRNA. accession number Z17211), M. kansasii (GenBank entry 
G^MKZSSRRNA. accession number Z1 72 12). and M. smegmatis (GB:MS16S23S5 

nucleobase complementary to a nucleob^se of M. tuben:ulosis 23S rRNA within oositionr 
149-158. 220-221. 328-361. 453^55. 490-501, 637^50. 706-712. 7r2T89 ^9^ 072 
1148. 1311-1329. 1361-1364. 1418. 1563-1570. 1627-1638. 1675:1677 ■i ;^^ 
J7.1976 2403-2420. 2457-2488. 2952.2956. 2966-2989. 3000.00.^^^^^ 

erMTraTr'^rr"^^'^^^ 

r illenTa ^ "^'^ ^"«3li and that of M. tubercutosis In 

the alignment are indicated by light frames. 

Alignment for the MTC group (16S rDNA) 

GB.I^U16SRN. accesston number XS291 7). M. bovis (GenBank entry GB:MSGTGDA 

M61673). M. intracellulare (GenBank entry GB:M.N16SRN, accession number X52927) M 

paratuberculosis{GenBankent,yGB:MSGRRDH.accessionnumberM61680) IVI ' 
scrofulaceum (GenBank entry GB:MSC16SRN. accession number X52924). M. leprae 

GBrKRR;7°'^''''''''' "-''-X55587), M. kansasii (GenBank entry 

GB.MKRRN16. accession number XI 5916). M. gastri (GenBank entry GB:MGA16SRN 
accession number X52919). M. gordonae (GenBank entry GB:MSGRR16S.. accession" 

rrif''''^ " GB:MMA16SRN. accession number 

X52920). Preferred peptide nucleic acid probes should enclose at least one nucleobase 
complementary to a nucleobase of M. tuberculosis 16S rRNA within positions 76-79, 98-101 
135- 36. 19^201 222-229. 242. 474. 1136-1145. 1271-1272. 1287-1292. 1313. and 1334 of 
me alignment (indicated by heavy frames). Diffei^nces between the sequences of M. bovis M 
avrum. M. intracel.u^re. paratubercuiosis. M. scrofulaceum. M. leprae. M. kansasii. M 
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gastri, M. gordonae and M. marinum. and that of M. tuberculosis in the alignment are indicated 
by light frames. 

ANgnment for the MTC group (5S rONA) 
5 Rgure 3 shows alignments of 5S rDNA sequences of M. tuberculosis (GenBank entry 
GB:MTDNA16S, accession number x75601), M. bovis (GenBank entry GB:MBRRN5S, 
accession number X05526). M. phlei (GenBank entry GB:MP5SRRNA. accession number 
X55259), M, leprae (GenBank entry GB:ML5S23S, accession number X56657). and M. 
smegmatis (GenBank entry GB:MS16S23S5. accession number Y08453). Preferred peptide 
10 nucleic acid probes should enclose at least one nucleobase complementary to a nucleobase 
of IW. tuberculosis 5S rRNA within positions 86-90 of the alignment (indicated by heavy frame). 
Differences between the sequences of M. bovis. M. phlei, M. leprae. M. smegmatis and M. 
luteus and that of M. tuberculosis In the alignment are indicated by light frames. 

1 5 Alignment for Mycobacteria other than those of the MTC group (23$ rDNA) 

Figures 4A-4L show alignments of 23S rDNA sequences of M. avium (GenBank entry 
GB:MA23SRNA, accession number X74494), M. paratuberculosis (GenBank entry 
GB:MPARRNA, accession number X74495). M. tuberculosis (GenBank entry GB:MTCY130. 
accession number Z73902), M. phlel (GenBank entry GB:ri/IP23SRNA. accession number 

20 X74493). M. leprae (GenBank entry GB:ML5S23S. accession number X56657), M. gastri 
(GenBank entry GB:MG23SRRNA, accession number Z17211), M. kansasii (GenBank entry 
GB:MK23SRRNA, accession number Z1 721 2). and M. smegmatis (GB:I\/IS16S23S5. 
accession number Y08453). Preferred peptide nucleic acid probes should enclose at least one 
nucleobase complementary to a nucleobase of M. avium 23S rRNA within positions 99-101, 

25 183. 261-271. 281-284, 290-293. 327-335. 343-357. 400-405. 453-462, 587-599. 637-660. 
704-712. 763-789. 1060-1074. 1177-1185. 1259-1265. 1311-1327. 1345-1348. 1361-1364. 
1556-1570. 1608-1613, 1626-1638. 1651-1659, 1675-1677. 1734-1741, 1847-1853, 1987- 
1976, 2006-2010, 2025-2027, 2131-2232. 2252-2255, 2396-2405, 2416-2420, 2474-2478. 
2687, 2719. 2809. 3062-3068. and 3097-3106 of the alignment (indicated by heavy frames). 

30 Differences between the sequences of M. paratuberculosis. M. tubeitxtlosis, M. phlei. M. 
leprae. M. gastri. M. kansasii. and M. smegmatis and that of M. avium in the alignment are 
indicated by light frames. 

Alignment fbr Mycobacteria other than those of the MTC group (16S rDNA) 
36 Figures 5A-5B show alignments of 16S rDNA sequences of M. avium (GenBank entry 
GB:MSGRRDA. accession number M61673), M. intracellulare (GenBank entry 
GB:MIN16SRN, accession number X52927).M. paratuberculosis (GenBank entry 
GB:MSGRRDH. accession number M61 680). M. scrofulaceum (GenBank entry GB: 
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MSC16SRN. a«»ss.on nua*erX52924). M. tube«.,osis (GenBank entor GB:MTU16SRN 
M20^0). M. leprae (GenBank ento^ GB:MLEP16S1. accession number X55587,. M kan«s« 

GB.MGA16SRN.acces8ton„umberX52919).M.gordonae(GenBank entry GB:MSGRr76S. 
accession number M29563). and M. maHnum (GenBank entry GB:MMA16SRN. accession 
number X52920). Preferred peptide nucleic acid probes should enclose at least one 
nucleotase compler^entary to a nucleobase of M. avium 16S rRNA within positions 135-136 
472^75. 1136.1144. 1287-1292. 1313. and 1334 of the alignment (indicated by heavy " 
frames). Differences between the sequences of M. intracellulare. M. paratubercutosis M 
scrofulaceum. M. tuberculosis. M. bovis. M. leprae. M. kansasfl. and M. gastri and that of M 
avium in the alignment are indicated by light frames. 

Drug-resistance . 

F«ure 6 Shows a partial M. avium 23S rDNA sequence including positions 2550 to 2589 of 
GenBank ent^r X74494. Bases in positions where deviations from the wild-type sequence 
have been correlated with macrolide-resistance are framed. Posittons 2568 and 2569 in the 
figure correspond to positions 2058 and 2059. respectively, of E.coli 23S rRNA. 

Figure 7 shows, a partial M. tuber«ilosis 16S rDNA sequence including positions 441 to 491 
and 843 to 883 of GenBank entiy X52917. Bases in positions where deviations from the wiW- 
type sequence have been correlated with resistance to streptomycin are framed. Positions 
452. 473. 474. 477. 865. and 866 in the figure con^spond to positions 501. 522. 523. 526. 
912, and 913. respectively, of E.coli 16S rRNA. 
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Mycobacteria are characterised by a complex cell wall which contains myolic acids complex 
waxes and unique glycolipMs. It is generally recognised by those skilled in the art that this wall 
provides mycobacteria with extreme resistance to chemical and phystoal stress as compared 
• to other bacteria, and. accordingly, makes them very difficult to penetrate and lyse. The low 
permeability of the cell wall is considered to be the main reason for the fact that only very few 
drugs are effective in the treatment of tuberculosis and other mycobacterial infections As 
described in US 5 582 985, the wall appears ftjrther to prevent penetratton by nuclete acid 
probes. Even with short probes (shorter than 30 nucleic acids), specific staining is low or often 
non-existent Protocols that allow DNA prebes to be used for in situ hybridisation to 
mycobacterial species are aescribed in US 5 582 985. However, these protocols require 
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dewaxing of the mycobacterial cell wall with xylene and further enzymatic treatment prior to 
the hybridisation step in order to make the mycobacterial cell wall permeable to the DMA 
probes. 

5 The problems set forth above have surprisingly been completely solved by the use of peptide 
nucleic acid probes. It has. surprisingly, been found that the peptide nucleic acid probes are 
able to penetrate the cell wall of the mycobacteria, and furthermore that this is taldng place 
rapidly. The person skilled in the art would arrive at the conviction that It would be necessary 
to heavily treat the mycobacteria before hybridisation is carried out Thus, based on the 

10 available prior art, there Is a strong prejudice against carrying out hybridisation without prior 
destruction of the mycobacterial cell wall. The inventors have shown that this is indeed and 
unexpectedly possible. It has been demonstrated that the probes of the present invention are 
able to hybridise to mycobacterial precursor rRNA and rRNA without harsh treatment of the 
mycobacterial cells, thus avoiding a risk of interfering with the morphology of the cells. Using 

15 the present probes, specific and easy detection and, subsequently, diagnosis of tuberculosis 
and other mycobacterial Infections are thus possible. 

The present invention provides novel probes for use in rapid and specific, sensitive 
hybridisation based assays for detecting a target sequence of one or more mycobacteria, 
20 which target sequence Is located in the mycobacterial rDNA, precursor rRNA, or in the 23S, 
16S or 5S rRNA. The probes to be used in accordance with the present Invention are peptide 
nucleic acid probes. Peptide nucleic acids are non-naturally occurring polyamldes or 
polythloamides which can bind to nucleic acids (DNA and RNA). Such compounds are 
described in e.g. WO 92/20702. 

25 

We have identified suitable variable regions of the target nucleic actel by comparative analysis 
of generally available rDNA sequences and sequences obtained by sequencing as described 
above. Computers and computer programs, which have been used for the purposes disclosed 
herein, are commercially available. From such alignments, possibly suitable probes can be 
30 identified. The alignments are thus a useful guideline for designing probes with desired 
characteristics. 

When designing the probes, due regard should be taken to the assay conditions under which 
the probes are to be used. Stringency is chosen so as to maximise the difference in stability 
35 between the hybrid formed with the target nucleic acid and that formed with the non-target 
nucleic acid. It will typically be necessary to choose high stringency conditions for probes 
where the specificity depends on only one mismatch to non-target sequences. The more 
mismatches to non-target sequences, the less demand for high stringency conditions. 
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Furthermore, probes should be designed so as to minimise the stability of probe-non-target 
nucleic acid hybrids. This may be accomplished by minimising the degree of complementarity 
to non-target nucleic acid. i.e. by designing the probe to span as many destabilising 
mismatches as possible, and/or to include as many additions/deletions relative to the target 
sequence as possible. Whether a probe is useful for detecting a particular mycobacterial 
species depends to some degree on the difference between the themial stability of probe- 
target hybrids and probe: non-target hybrids. For rRNA targets, however, the secondary 
structure of the region of the rRNA molecule In which the target sequence is located may also 
be of importance. The secondary structure of a probe should also be taken Into consideration 
Probes should be designed so as to mlnlmise their proclivity to fbm, hairpins, self^lmers. and 
pair-dlmers if a mixture of two or more probes Is used. 

Mismatching bases in hybrids fbmied between peptide nucleic acid probes and nucleic acids 
result In a higher thermal instability than mismatching bases in nucleic acid duplexes of the 
same sequences. Thus, the peptide nucleic acid probes exhibit a greater specificity for a given 
target nucleic acid sequence than a traditional nucleic acid probe, which is seen as a greater 
difference in T„ values for probe-target hybrids and probe-non-target hybrids. The sensitivity 
and specificity of a peptide nucleic acid probe will also depend on the hybridisation conditions 
20 used. 

The primary concern regarding the length of the peptide nucleic acid probes is the warranted 
specificity, i.e. which length provides sufficient specificity for a particular application. The 
optimal length of a peptide nucleic acid probe comprising a particular site with differences in 
base composition, e.g. among selected regions of mycobacterial rRNA. is a compromise 
between the general pattern that longer probes ensure specificity and shorter probes ensure 
that the destabilising differences in base composition constitute a greater portion of the probe. 
Also, due regard must be paid to the conditions under which the probes are to be used. 
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Peptide nucleic acid sequences are written from the N-termlnal end of the sequence towards 
the C-terminal end. A free (unsubstituted) N-terminal end or an N-terminal end terminating 
with an amino acid is indicated as H. and a free C-terminal end is indicated as NHj (a 
carboxamlde group). Peptide nucleic acids are capable of hybridising to nucleic acid 
sequences In two orientations, namely in antiparallel orientation and in parallel orientation. The 
peptide nucleic acid Is said to hybridise In the antiparallel orientation when the N-temitnal end 
of the peptide nucleic acid Is facing the 3' end of the hucleic acid sequence, and to hybridise In 
the parallel orientation when the C-termlnal end of the peptide nucleic add Is facing the 5* end 
of the nucleic acid sequence. In most applications, hybridisation in the antiparallel orientation 
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is preferred as the hybridisation in the parallel orientation talces place rather slowly and as the 
formed duplexes are not as stable as the duplexes having antiparallel strands. Triplex 
formation with a stoichiometry of two peptide nucleic acid strands and one nucleic acid strand 
may occur If the peptide nucleic acid has a high pyrimidine content Such triplexes are very 
5 stable, and probes capable of fonning triplexes may thus be suitable for certain applications. 

(Mainly because tiie peptide nucleic acid strand is uncharged, a peptide nucleic acid-nucleic 
acid-duplex will have a higher T„ than tfie corresponding nucleic acid-nucleic acid-duplex. 
Typically there will be an increase in T^ of about 1 °C per base pair at 100 mM NaCI 
10 depending on the sequence (Egholm et al. (1993). Nature. 365, 566-568). 

In contrast to DNA-DNA-duplex formation, no salt is necessary to focilitate and stabilise the 
formation of a peptide nucleic acid-DNA or a peptide nucleic acid-RNA duplex. The T„ of the 
peptide nucleic acid-DNA-duplex changes only little with increasing ionic strengtti. Typically for 

15 a 15-mer. the T„ will drop only 5 when Oie salt concentration is raised from 10 mM NaCI to 
1 M NaCI. At low Ionic strengtii (e.g. 10 mM phosphate buffer wltti no salt added), 
hybridisation of a peptide nucleic acid to a target sequence is possible under conditions where 
no stable DNA-DNA-duplex formation occurs. Furthermore, target sites that normally are 
inaccessible can be made more readily accessible for hybridisation witii peptide nucleic acid 

20 probes at low salt concentration as the secondary and tertiary structure of nucleic acids are 
destabilised under such conditions. Using peptide nucleic acid probes, a separate 
destabilising step or use of destabilising probes may not be necessary to perform. 

The rRNAs are essential for proper function of the ribosomes and tfius the synttiesis of 
25 proteins. The genes encoding the rRNAs are in eubacteria located in an openon in which the 
small subunit RNA gene, tiie 16S rRNA gene, is located nearest the 5' end of tiie operon, the 
gene for the large subunit RNA. the 23S rRNA gene, Is located distal to tiie 16S rRNA gene 
and the 5S rRNA gene is located nearest tiie 3' end of the operon. The three genes are 
separated by spacer regions in which tRNA genes may be found, however, tiiere are none in 
30 M. tuberculosis. The primary transcript of ttie eubacterial rRNA operon is cleaved by RNaselll. 
This cleavage results in separation of the 16S, ttie 23S and the 6S rRNA into precursor rRNA 
molecules (pre-rRNA molecules) which besides tiie rRNA species also contetn leader and tail 
sequences. The primary RNase lit cleavage is nomially a rapid process, whereas the 
subsequent maturation Is substantially slower. Precursor rRNA is typically more abundant 
35 than even strongly expressed mRNA species. Thus, for certain applications, precursor rRNA 
may be an attractive diagnostic terget In order to specifically detect precursor rRNA, a terget 
probe should be directed against sequences comprising at least part of tiie leader or tell 
sequences. A terget probe may further be directed against sequences of which both part of 
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the leader/tail and mature rRNA sequences are constituents. 

Usually, patients having contracted a mycobacterial infecUon are treated with medicaments 
until no mycobacteria can be found in the sputum. Except for culturing. the presently available 
methods do not allow for clear distinguishing between living and dead mycobacteria. This 
means that a patient may otten be treated with medicaments for a longer period of time than 
actually necessary. A way of detennining the progress of tiBatment would be a very valuable 
tool in the fight of tuberculosis and other mycobacterial diseases. 



As transcription and maturation of ri^NA is a measure of viability, detection of precursor rRNA 
is a suitable and direct measure of viability of the bacteria. Furthemiore. precursor rRNA may 
be used for identification of antibiotic drugs which reduce or Inhibit rRNA transcription. One 
such example is rifampicin. A transcriptional inhibitor will in susceptible bacteria eliminate new 
synthesis of rRNA and thus the pool of precursor rRNA will be depleted. However, in resistant 
1 5 cells, primary transcripts as well as precursor rRNAs will continue to be produced. 

Although it is preferred to use peptide nucleic acid probes targeting specific sequences of 
rRNA. it will readily be understood that peptide nucleic acid probes complementary to rRNA 
targeting probes will be useful for the detection of the genes coding for said sequence specific 
20 rRNA (rDNA). and peptide nucleic acid probes for the detecting rDNA is hence contemplated 
by the present invention. Although it is prefen-ed to choose the sequence of the probe so as to 
enable the probe to hybridise to its target sequence In antiparallel orientation, it is to be 
understood that probes capable of hybridising in parallel orientation can be constructed from 
the same information. The present invention is intended to cover botfi types of probes. 



In ttie broadest aspect, the present invention relates to peptide nucleic acid probes for 
detecting a target sequence of one or more mycobacteria optionally present in a test sample, 
said probe being capable of hybridising to a target sequence of mycobacterial rDNA, 
precursor rRNA or rRNA. 

The probes of ttie invention may suitably be directed to rDNA, precursor rRNA, or to 23S, 16S 
or 6S rRNA. 



The target sequences, to which the peptide nucleic acid probe(s) are capable of hybridising to, 
35 are obtainable by 



(a) comparing the nucleobase sequences of said mycobacterial rRNA or rDNA of one or more 
mycobacteria to be detepted with the corresponding nucleobase sequence of organlsm(s), in 
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particular other mycobacteria, in particular other mycobacteria, from which said one or more 
mycobacteria are to be distinguished. 

(b) selecting a target sequence of said rRNA or rDNA which Includes at least one nucleobase 
differing from the corresponding nucleobase of the organlsm(s). In particular other 
mycobacteria, from which said one or more mycobacteria are to be distinguished, and 

(c) determining the capability of said probe to hybridise to the selected target sequence to 
form detectable hybrids. 

Peptide nucleic acid probes are obtainable by 

(a) comparing the nucleobase sequences of said mycobacterial riRNA or rDNA of one or more 
mycobacteria to be detected with the corresponding nucleobase sequence of organism(s). in 
particular other mycobacteria. In particular other mycobacteria, from which said one or more 
mycobacteria are to be distinguished, 

(b) selecting a target sequence of said rRNA or rDNA which includes at least one nucleobase 
differing from the corresponding nucleobase of the organism(s). in particular other 
mycobacteria, from which said one or more mycobacteria are to be distinguished. 

(c) synthesising said probe, and 

(4) determining the capability of said probe to hybridise to the selected target sequence to 
form detectable hybrids. 



The probes are in particular suitable for detecting a target sequence of one or more 
mycobacteria of the Mycobacterium tuberculosis Complex (MTC) or for detecting a target 
sequence of one or more mycobacteria other than mycobacteria of the Mycobacterium 
tuberculosis Complex (MOTT) optionally present in a sample, which probe comprises from 6 
to 30 polymerised peptide nucleic acid moieties, said probe being capable of hybridising to a 
target sequence of mycobacterial rDNA. precursor rRNA or 23S, .16S or 5S rRNA forming 
detectable hybrids. Such probes may comprise peptide nucleic acid moieties of formula (I) 




Wherein each X and Y independently designate O or S, 

each Z independently designates O. S, NR\ or C(R^)2. wherein each independently 
designate H. Ci^ alkyl, alkenyl. C^^ alkynyl, 

each R^ R^ and R* designate independently H. the side chain of a naturally occurring amino 



(I) 
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acid, the side chain of a non-naturally occurring amino acid. C,^ alkyl. C,^ alkenyl or C,^ 
alkynyl. or a functional group, each Q independently designates a naturally occurring 
nudeobase. a nonwiaturafly occurring nucleobase. an intercalator. a nucleobase^lnding 
group, a label or H. with the proviso indicated above. 

The probes may suitably be used for detecting a species specific mycobacterial target 
sequence, or target sequences of a group of mycobacteria like MTC. MOTT. MAC or MAIS. 
The probes may further be designed so as to be capable of hybridising to one or more drug 
resistant mycobacteria, or, alternatively, to the wild-type corresponding thereto. In the design 
of the probes, sequences between different mycobacteria (one or more) may be taken into 
account as may sequences from other related or non-related organisms (one or more). 



As mentioned above, drug-resistance is an increasing threat to the fight of mycobacterial 
infection. Monotherapy with macrolides such as clarithromycin and azithromycin often leads to 
clinically significant drug-resistance. Clarithromycin and azithromycin are important drugs in 
the treatment of infections by especially M. avium. Comparison between 23S rRNA sequences 
from isolates of M. avium and M. intracellulare with acquired resistance to clarithromycin and 
azithromycin and 23S rRNA sequences from non-resistant strains has revealed that the 
majority of resistant strains have single-point mutations In the 23S rRNA In positions 
corresponding to 2058 and 2059 in E. coli 23S rRNA. In the M. avium 23S rRNA sequence 
(GenBank accession number X74494). the con-esponding bases are in position 2568 and 
2569, respectively, as shown in Figure 6. Most susceptible strains have an A residue In one of 
these positions whereas the resistant strains have a C, G or T in position 2058 (E. coli 
numbering corresponding to 2568 In M. avium with GenBank accession number X74494), or 
25 G or C in position 2059 (E. coli numbering con-esponding to 2569 in M. avium with GenBank 
accession number X74494). 



Single-point mutations in rRNA apparently also account to some degree for streptomycin 
resistance. Streptomycin, the first successful antibiotic dmg against tuberculosis, is an 

30 aminocyclitol glycoside that perturbs protein synthesis at the ribosomal level. The genetic 
basis for streptomycin resistance has not yet been completely solved. However, some 
streptomycin resistant strains of M. tuberculosis have single-point mutations In 16S rRNA. 
These mutations are located In positions corresponding to bases 501, 522. 523. 526. 912 and 
313 in E. coli 168 rRNA which comespond to bases with numbers 452, 473, 474, 477, 865 and 

35 866, respectively, of M. tuberculosis 16S rRNA (GenBank accession number X52917) as 
shown in Figure 7. Most of these mutated nucleotides are involved in structural interactions 
within the 530 loop of 16S rRNA which is one of the most conserved regions in the entire 16S 
rRNA gene. 
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re me cause of 96% of the cases of nfampicin resistance in M. tuberculosis and M leprae 
.^N^P----o>ecu.eshave.ennl„a,*.alns(tails,whlcna. 

such as nfemp-cn can deplete precursor rRNA in sensitive cells by inhibiting de novo 

precu^rRNAsynthesb White al^ngn,a.u,3«on to proceed. T^^^ 

deple^ in susceptible ,nycobactern.rr.cel,,while«re„«,„sp,oducedh^ 
mycobacterium cells when the cells are exposed to nfampidn durinfl culturing. 

PepMe nucleic acid probes for detecting a target sequence of one orn,ore mycobacteria of 
H Mycobactenun, tuberculosis Complex a. defined above. Pep«de nude.: Ld probe for 

detec^ngatargetsequence Of oneorrnoremycobacteHa other than mycobactert^^^^ 
Mycobactenum tuberculosis Complex are defined above. PepUde nucleic acid p^bes for 
detecting a target sequence of one or more drug resistant mycobacteria of the Mycobacterium 
tuberculos-s complex or of one or more drug resistant mycobacteria other than mycobacteria 
of the Mycobacterium tuberculosis Complex are defined above. 

in the present context and the claims, the tern, "naturally occurring nucleobases" includes the 
20 four main DNA bases (i.e. thymine (T). cytosine (C), adenine (A)" and guanine (G)) as well as 
other naturally occurring nucleobases (e.g. uracil (U) and hypoxanthine). 

The temi "non-naturally occurring nucleobases" comprises La. modified naturally occurring 
nucleobases. Such non-naturally occurring nucleobases may be modified by substitution by 

25 e.g. one or more C,^ alkyl. C,.. alkenyl or C,^ alkynyl groups or labels. Examples of non- 
naturally occurring nucleobases are purine. 2.6-dlamlno purine. 5-p,opynylcytosine (C 
propynyl). isocytosine (iso-C), S-methyl-isocytosine (iso^C) (see e.g. Tetrahedron Utters Vol 
36. No 12. 2033-2036 (1995) or Tetrahedron Letters Vol 36. No 21. 3601-3604 (1995)) 7- 
deazaadenine. 7-dea2aguanlne. N«-ethanocytosine. N«-ethano-2.6^laminopurine. 5KC„). 

30 alkenyluracll. 5-(C„)-alkynylcytosine. 5-fluoiouracil and pseudocytoslne. 

Examples of useful intercalators are e.g. acridin. anttaquinone. psoralen and pyrene. 

Examples of useful nucleobase-blnding groups are e.g. groups containing cyclic or 
35 heterocyclic rings. Non-limiting examples are 3-nilro pyrrole and 5-nit,o irKlole. 

It is to be undenstood that alkyl. alkenyl and alkynyl groups may be branched or non-branched 
cydic or non-cyclic and may further be Interrupted by one or more heteroatoms. or may be 
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unsubtituted or substituted by or may contain one or more functional groups. Non-limiting 
examples of such functional groups are acetyl groups, acyl groups, amino groups, carbamido 
groups, carbamoyl groups, carbamyl groups, carbonyl groups, carboxy groups, cyano groups, 
dithio groups, fbrmyl groups, guanidino groups, halogens, hydrazine groups, hydrazo groups, 
5 hydroxamino groups, hydroxy groups, keto groups, mercapto groups, nitro groups, phospho 
groups, phosphono groups, phospho ester groups, sulfb groups, thiocyanato groups, cyclic, 
aromatic and heterocyclic groups. 



groups contain from 1 to 4 carbon atoms. C,^ groups contain from 1 to 6 carbon atoms, 
10 and Ci.i5 groups contain from 1 to 15 carbon atoms, not including optional substituents, 

heteroatoms and/or functional groups. Non-limiting examples of such groups are -CH3. -CF3, 

-CH2-, -CH2CH3. -CH2CH2., -CH(CH3)2. -OCH3. -OCH2-. .OCH2CH3. OCH2CH2-, -OCH(CH3)2. 

-0C(0)CH3, -0C(0)CH2-. -C(0)H. -C(0)-. -C(0)CH3. -C(0)OH. -C(0)0-. -CHjNHj. -CHjNH-. 

-CH2OCH3. -CH2OCH2-. -CH20C{0)0H, -CH20C(0)0-. -CH26(0)CH3, -CH2C(0)CH2-. 
15 -C(0)NH2. -CH=CH2. -CH=CH-, -CH=CHCH2C(0)0H. -CH=CHCH2C(0)p., -C^CH. -CsC-, 

-CHjCsCH, -CHjCsC-, -CH2CsCCH3. -OCH2C=CH, -OCHzCsC-. -OCH2CSCCH3. 

-NHCHjCCO)-. -NHCHjCHaCCOK -NH(CH2CH20)2CH2C{0)-. and H0(0)CCH2C{0)(NH- 

(CH2CH20)2CH2C(0))2-. phenyl, benzyl, naphthyl. oxazolyl. pyrldinyl, thiadiazolyl, triazolyl, 

and thienyl. 

20 

Within the present context, the expression "naturally occurring amino acid* is Intended to 
comprise p- and L-forms of amino acids commonly found in nature, e.g. D- and L-forms of Ala 
(alanine). Arg (arginine), Asn (aspargine). Asp (aspartic acid), Cys (cysteine), Gin (glutamine). 
Glu (glutamic acid). His (histidine), lie (isoleucine). Leu (leucine). Lys (lysine). Met 
25 (methionine), Phe (phenylalanine), Pro (proline). Ser (serine), Thr (threonine), Trp 
(tryptophan). Tyr (tyrosine) and Val (valine). 



In the present context, the expression "non-naturally occuning amino acid" is intended to 
comprise D- and L-forms of amino acids other than those commonly found in nature as well as 
modified naturally occurring amino acids. Examples of useful non-naturally occurring amino 
acids are D- and L-fbnrtis of p-Ala (P-alanlne) Cha (cyclohexylalanine). CIt (citrulllne). Hci 
(homocitmlline). HomoCys (homocystein). Hse (homoserine). NIe (norieucine), Nva 
(norvaline). Om (omitiiine), Sar (sarcosine) and Thi (thienylalanlne). 

In the present context, the term "sample" is intended to cover all types of samples suitable for 
the purpose of the invention. Examples of such samples are sputum, laryngeal swabs, gastric 
lavage, bronchial washings, biopsies, aspirates, expectorates, body fluids (spinal, pleural, 
pericardial, synovial, blood, pus. bone marrow), urine, tissue sections as well as food samples. 
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soil, air and water samples. Analysis of samples originating ftom the before-mentioned 
samples (e.g. cultu^s and tmated samples) are also within the scope of the Invention. 

In the present context the temi -hybrids- is Intended to Include complexes between a probe 
and a nucleic acid to be detem,ined. Such hybrids may be made up of iwo or more strands. 

The strength of the binding between the probe and the target nucleic add sequence may be 
-nfluenced by the ligand Q. When Q designates a nucleobase. Hoogsteen and/or Vtetson- 
Cnck base pairing assist(s) in the fbmration of hybrids between a nucleic acid sequence to be 
detected and a probe. It is contemplated that one or more of the ligands may be a group which 
contribute little or none to the binding of the nucleic acid such as hydrogen. It is contemplated 
that suitable probes to be used comprise less than 25% by weight of peptide nucleic acid 
moieties, wherein Q designates such groups. One or more of the ligands Q may be groups 
that stabilise nucleobase stacking such as inten^lators or nucleobase-binding groups. 

In the above-indicated probes, one or more of the Q-groups may designate a label. Examples 
of suitable labels are given below. Moieties wherein Q denotes a label may preferably be 
located in one or both of the terminating moieties of the probe. Moietias wherein Q denotes a 
label may, however, also be located internally. 

The peptide nucleic acid probes may comprise moieties, wherein all X groups are O ' 
(polyamldes) or wherein all X groups are S (polythioamldes). It is to be understood that the 
probes may also comprise mixed moieties (comprising both amide and thioamide moieties). 

In another aspect, the present invention relates to peptide nucleic add probes of fbrmula (II). 
(Ill) and (IV) as well as mixtures of such probes defined above. 

In a preferred embodiment, the peptide nucleic add probes or mixtures thereof according to 
the invention are of formulas (l)-{IV) as defined above with Z being NH, NCHj or O. each R». 
R' and R* independently being H or the side chain of a naturally occumng amino acid, the side 
chain of a non-naturally occumng amino acid, or C,.^ alkyl. and each Q being a naturally 
occurring nucleobase or a non-naturaliy occurring nudeobase with the provisos defined 
above. 



Peptide nudelc add probes or mixtures of such probes according to the invention are 
preferably those of fbmiula (l)-(IV) as defined above with Z being NH or O. and being H 
the side chain of Ala. Asp, Cys, Glu. His. HomoCys. Lys. Om. Ser or Thr. and Q being a 
nucleobase selected from thymine, adenine, cytosine. guanine, uradi. iso-C, and 2.6- 
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diaminopurine with the provisos defined above. 

Peptide nucleic add probes or mixtures thereof, which are of major interest for detecting 
mycobacteria of the MTC group or one or more mycobacteria other than mycobacteria of the 
IVITC group, are probes of formula (V) as defined above, wherein is H or the side chain of 
Ala. Asp. Cys. GIu. His. HomoCys. Lys. Om. Ser or Thr. Q is as defined above and with the 
provisos indicated above. 

The peptide nucleic acid probe comprises polymerised moieties as defined above and in the 
claims. From the formula, it is to be understood that the probe may comprise polymerised 
moieties which structure may be mutually diffferent or identical. In some cases, it may be 
advantageous that at least one moiety of the probe, preferably one (or both) of the moieties 
terminating the probe, are of a different structure. Such fenmlnating moieties may suitably be a 
moiety of fomiula (VI) 



(VI) 



20 where Q is as defined above. Such moiety may suitably be connected to a peptide nucleic 
acid moiety through an amide bond. 

The peptide nucleic acid probe according to the invention comprises from 6 to 30 polymerised 
moieties of fonnulas (I) to (V). and, in addition, optionally one or two terminating moieties of 

25 formula (VI) as defined above. The preferred length of the probe will depend on the sample 
material and whether labelled probes are used. It is contemplated that especially Interesting 
probes comprise from 10 to 30 polymerised moieties of fomnulas (I) to (V), and, In addition, 
optionally one or two terminating moieties of fomnula (VI) as defined above. Probes of the 
invention may suitably comprise from 12 to 25 polymerised moieties of fonmulas (1) to (V). 

30 more suitably from 14 to 22 polymerised moieties of formulas (I) to (V), most suitably from 15 
to 20 polymerised moieties of fomnulas (I) to (V). and. in addition, optionally one or two 
terminating moieties of formula (VI). 

As mentioned above, the polymerised moieties of the probes may be mutually different or 
35 Identical. In some embodiments, the polymerised moieties of formulas (V) constitute at least 
75% by weight (calculated by excluding labels and linkers), preferably at least 80% by weight 
and most preferably at least 90% by weight of the probe. 
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The ends on the moieties terminating the probe may be substituted by suitable substituents 
which in the fbilowing will be named "linkers". A tenminating end may suitably be substituted by 
from 1 to 5 linkers, more suitably from 1 to 3 linkers. Such linkers may suitably be selected 
among C,.is alkyl. C,.,s alkenyl and C^is alkynyl groups as defined above. The linkers may be 
5 substituted or unsubstituted, branched or non-branched, or be Interrupted by heteroatoms. or 
be substituted or contain functional groups as described above. This may depend on the 
chemical nature of the terminating moiety (i.e. whether the moiety is terminated by a carbon, 
oxygen or nitrogen atom). A tennlnatlng end or a linker on a terminating end may further be 
substituted by one or more labels, which labels may be incorporated end to end, i.e. so as to 

10 form a non-branched labelled end, or may be incorporated so as to form a branched labelled 
end ("zipper'). The linkers may be attached directly to a terminating end. may be attached to a 
label or between labels on a terminating end. or be attached to a terminating end before a 
label is attached to a terminating end. It should be understood that two terminating ends may 
carry different or identical substituents, linkers and/or labels. It should further be understood 

15 that the temn "a laber Is intended to comprise one or more labels as the temrt "linkers' is to 
comprise one or more linkers. For certain applications, it may be advantageous that one or 
more linkers are incorporated between the peptide nucleic acid moieties. Such applications 
may in particular be those based on triplex formation. 

20 Examples of suitable linkers are -NH(CH2CH20)nCH2C(0)-. -NH(CHOH)nC(0)-, 

-(0)C(CH20CH2)nC(0)- and -NH(CH2)ftC(0)-. NHaCCHjCHzOjoCHaCCO)-. NH2(CH0H)nC(0)-, 
HO(0)C(CH20CH2)nC(0)., NH2(CH2)nC(OK -NH(CH2CH20)„CH2C(0)OH. 
-NH(CHOH)nC(0)OH. -(0)C(CH20CH2)nC(0)OH and -NH(CH2)nC(0)0H. wherein n is 0 or an 
integer from 1 to 8, preferably from 1 to 3. Examples of very interesting linkers are 

25 -NHCH2C(0)-. -NHCH2CH2C(0)-, -NH(CH2CH20)2CH2C(0)-. and 
HO(0)CCH2CH2C(0)(NH(CH2CH20)2CH2C{0))2-. 

In the present context, the term "label" refers to a substituent which is useful for detection or 
visualisation. Suitable labels comprise fluorophores. biotin, dinitro benzoic acid, digoxigenin, 
30 radioisotope labels, peptide or enzyme labels, chemilumlniscenoe labels, fluorescent particles, 
hapten, antigen or antibody labels. 

The expression "peptide label* is intended to mean a label comprising from 1 to 20 naturally 
occurring or non-naturally occumng amino acids, preferably from 1 to 10 naturally occurring or 
35 non-naturally occurring amino acids, more preferably from 1 to 8 naturally occurring or non- 
naturally occurring amino acids, most preferably from 1 to 4 naturally occurring or non- 
naturally occurring amino acids, linked together end to end in a non-branched or branched 
("zipper") fashion. Such peptide label may be composed of amino acids which are mutually 
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identical or different tn a preferred embodiment, such a non-branched or branched end 
comprises one or more, preferably from 1 to 8 labels, more preferably from 1 to 4. most 
preferably 1 or 2. further labels other than a peptide label. Such further labels may suitably 
terminate a non-branched end or a branched end. One or more linkers may suitably be 
attached to the terminating end before a peptide label and/or a further label is attached. Such 
linker units may also be attached between a peptide label and a further label. Furthermore, 
such peptide labels may be incorporated between the peptide nucleic add moieties. 

The probe as such may also comprise one or more labels such as from 1 to 8. preferably from 
1 to 4. most preferably 1 or 2. labels and/or one or more linker units, which may be attached 
internally, i.e. to the backbone of the probe. The linker units and labels may mutually be 
atteched as described above. 
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Examples of particular interesting labels are biotin. fluorescein labels, e.g. 5-(and 6)-carboxy- 
15 fluorescein. 5- or 6-carboxyfluorescein. 6-(fluorescein)-5-(and 6)^rboxamido hexanoic add 
and fluorescein isothiocyanate. peptide labels consisting of firom 1 to 20 naturally occurring 
amino adds or non-naturaliy occurring amino adds, enzyme labels such as peroxidases like 
horse radish peroxidase (HRP). alkaline phosphatase, and soya bean peroxidase, dinitro 
benzoic add. riiodamine. tetramethylrhodamine. cyanine dyes such as Cy2. Cy3 and Cy5. 
coumarin. R-phycoerythrin (RPE). allophycoerythrin. Texas Red. Princeton Red. and Oregon 
Green as well as conjugates of R-phycoerythrin and. e.g. CyS or Texas Red. 

Examples of preferred labels are biotin, fluorescent labels, peptide labels, enzyme labels and 
dinitro benzoic acid. Peptide labels may preferably be composed of from 1 to 10. more 
preferably of from 1 to 8. most preferably of from 1 to 4. naturally occurring or non-naturally 
occuning amino acids. It may be particulariy advantageous to incorporate one or more ottier 
labels as well as a peptide label such as from 1 to 8 or from 1 to 4 other labels, preferably 1 or 
2 otiier labels. 

30 Suitable peptide labels may preferably be composed of cysteine, glycine, lysine or omittiine. 

In a further embodiment, tiie Q substituent as defined above may be labelled. Suitable labels 
are as defined above. Between Q and such a label, a linker as defined above may be 
incorporated. It is preferred ttiat such labelled ligands Q are selected ftx)m thymine and uradi 
35 labelled in the 5-position and 7-deazaguanine and 7-deazaadenine labelled in the 7-position. 
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A mixture of peptide nudeic acid probes is also part of ttie present invention. Such mixture 
may comprise more than one probe capable of hybridising to 23S rRNA. and/or more tfian one 
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probe capable of hybridising .o 16S rRNA. and/or or mo,e«.a„ one p«,becapabl. of 
hybnd,s.ng to 5S rRNA. A mixture of p.bes may further comprise p™be<s, directed to 
rRNA and/or rON^ The m.«u,e may also comprise peptMe nucleic acWs for 
detecting more than one mycobacteria in the same assay. 

m ap^feoed embodiment the nucleobase sequence of the peptide nucleic add probe is 
selected so as to be substanUally complementary to the nucleobase sequence of the target 
^uence .n quesUon. In an especially preferred embodiment the nucleobase sequence of the 
peptKte nucle.c acid probe is selected so as to be complementanr to the nucleobl sequent 
Of the target sequence in question. By -complementary- is meant that the nuc.eobases are 
selected so as to enable perfect match between the nucleobases of the probe and the 
nuc^basesofthetarget.i.e.AtoTorGtoC.Bysub 

me peptide nucleic ac.d probe is capable of hybridising to the targe, sequence, however, me 
probe does not necessarily have to be pe.rfectly complementary to the target For example 
probes comprising one or more bases not complementary to the target sequence and non^ 
target sequences, especially base(s) located at the end of the probe, where the effect on the 
stebihty of probe-urget nucleic acid hybrids is low. Another example is probes comprising 
other naturally occurring bases. Thus provided that the probe is capable of hybridising to the 
target sequence, the nucleobase difference(s) between target sequences and non-target 
sequences ensures that the stability of probe-non-target nucleic acid hybrids are lower than 
the stability of probe-target nucleic acid hybrids and therefore make such substantially 
complementary probes applicable for detection of mycobacteria. 

The probes may be synthesised according to the procedures described in "PNA Intomiatlon 
Package" obtained from Millipore Corporation (Bedford. MA. USA), or may be synthesised on 
an Expedite Nucleic Add Synthesis System (PerSeptlve BioSystems. USA). 

If using the Fmoc strategy for elongation of the probe with linkers or amino acids, it is possible 
to retain side diain amino groups protected with add sensitive protection groups sudi as the 
Boc or IVItt group. This method alfows Introductton of a linker containing several Boc proteded 
ammo groups whidi can all be deaved and labelled In the same synthesis cycle. 

One way of labelling a probe is to use a fluorescent label, sudi as S^and 6)Karboxyfluore- 
scein. 5- or 6-cart5oxyftuorescein, or 6-(nuorescein)-5Kand 6)<arboxamido hexanoic add The 
acid group is activated with HATU (0-(7-a2abenzotriazol-1-yl)-1.1.3.3-tetramethyluronium 
hexafluorophosphate) or HBTU (2-(1H-benzotriazol-1-yl)-i.i.3.3-tetramethyluronium 
hexafluorophosphate) and readed with the N-temnihal amino group of the peptide nuclete acid 
The same technique can 1^ applied to other labelling groups containing an add fundion. 
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Alternatively, the succinlmidyl ester of the above-mentioned labels may suitably be used or 
fluorescein isothiocyanate may be used directly. 

After synthesis, probes can be cleaved from the resin using standard procedures as described 
by M,n,pore Corporation or PerSeptive BloSystems. The probes are subsequently purified and 
analysed using reversed-phase HPLC techniques at 50-0 and were characterised by matrix- 
assisted laser desorptionAionisation time of flight mass spectrometry (MALDl-TOFMS) plasma 
desorption mass spectrometry (PDMS). electron spray mass spectrometry (ESMS). or fast 
atom bombardment (FAB-;MS). 

Generally, probes such as probes comprising polymerised moieties of formula (IV) and (V) 
may also be prepared as described in. e.g.. Angewandte Chemie. Intemational Edition In 
English 35. 1939-1942 (1996) and Bioorganic & Medical Chemistry Letters. Vol 4. No 8. 1077- 
1080 (1994). Chemical properties of some probes are described in. e.g.. Nature. 365 666-568 
(1993). 

The method as claimed can be used for the detection of a target sequence of one or more 
mycobacteria optionally present in a sample. The method and the probes provide a valuable 
tool for analysing samples for the presence of such target sequences, hence providing 
Information for establishing a diagnosis. 

In the assay method according to the invention, the sample to be analysed for the presence of 
mycobacteria is brought Into contact with one or more probes or a mixture of such probes 
according to the invention under conditions by which hybridisation between the probe(s) and 
any sample rRNA or rDNA originating from mycobacteria can occur, and the formed hybrids. If 
any. are observed or measured, and the observation or measurement Is related to the 
presence of a target sequence of one or more mycobacteria. The obsen/ation or 
measurement may be accomplished visually or by means of Instrumentation. 

Prior to contact with probe(s) according to the invention, the samples may undergo various 
types of sample processing which include purification, decontamination and/or concentration. 
The sample may suitably be decontaminated by treatment with sodium hypochlorite and 
subsequently centrifuged for concentration of the mycobacteria. Samples e.g. sputum 
samples may be treated with a mucolytic agent such as. N-Acetyl-L-cysteIn which reduces the 
viscosity of the sample as well as be treated with sodium hydroxide which decontaminates the 
sample, and subsequently centrifuged. Other well-known decontamination and concentration 
procedures include the Zephiran-trisodium phosphate method, Petroffs sodium hydroxide 
method, the oxalic acid method as well as the cetylpyridlnium chloride-sodium chloride 
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method. Samples may also be purified and concentrated by applying sample preparation 
methods such as filtration, immunocapture. two-phase separation either alone or in 
combination. The sample preparation methods may also be used together with the 
centrifugation and decontamination methods mentioned above. 

Samples may, either directly or after having undergone one or more processing steps, be 
analysed in primarily two major types of assays, in situ-based assays and in vitro-based 
assays. In this context, in situ-based assays are to be understood as assays, in which the 
target nucleic adds remain within the bacterial cell during the hybridisation process. Examples 
are in situ hybridisation (ISH) assays on smears and biopsies as well as hybridisation to whole 
cells which may be in suspension and which subsequently may be analysed by e.g. flow 
cytometry optionally after capture of the bacteria onto particles (with same or different type 
and size), or by image analysis after spreading of the bacteria onto a solid medium, filter 
membrane or another substantially planar surface. 

In vitro-based assays are to be understood as assays, in which the target nucleic acids are 
released from the bacterial cell before hybridisation. Examples of such assays are microtiter 
plate-based assays. Many other assay types, in which the released target nucleic acids by 
some means are captured onto a solid phase and subsequently analysed via a detector 
probe, are feasible and within the scope of the present invention. Even further, in vitro-based 
assays include assays, In which the target nucleic acids are not captured onto a solid phase, 
but in which the hybridisation and signal generation take place entirely in solution. 

Samples for in situ-based assays may suitably be applied and optionally be immobilised to a 
support. Techniques for applying of a sample onto a solid support depend on the type of 
sample in question and include smearing and cytocentrifugation for liquid or liquified samples 
and sectioning of tissues for biopsy materials. The solid support may take a wide variety of 
forms well-known in the art, such as a microscope slide, a filter membrane, a polymer 
membrane or a plate of various materials. 

In the case of in vitro-based assays, the target nucleic acid may be released fi-om the 
mycobacterial cells in various ways. Most methods for releasing the nucleic acids cause 
bursting of the cell wall (lysis) followed by extraction of the nucleic acids into a buffered 
solution. As mycobacteria have complex cell walls containing covalently associated 
peptidoglycans. arabinogalactans and in particular mycolic acids, they cannot easily be 
disrupted by standard methods used for the rapid lysis of other bacteria. Possible methods 
which are known to give successfiji lysis of the mycobacterial cell wall include methods which 
involve treatment with organic solvents, treatment with strong chaotropic reagents such as 
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high concentrations of guanidine thiocyanate. enzyme treatment bead beating, heat 
treatment, sonication and/or application of a French press. 

Samples to be analysed by in situ assays may be fixed prior to hybridisation. The person 
5 skilled in the art will readily recognise that the appropriate procedure will depend on the type of 
sample to be examined. Fixation and/or immobilisation should preferably preserve the 
morphological integrity of the cellular matrix and of the nucleic acids. Examples of methods for 
fixation are flame fixation, heat fixation, chemical fixation and freezing. Flame fixation may be 
accomplished by passing the slide through the blue cone of a Bunsen bumer 3 or 4 times; 
10 heat fixation may be accomplished by heating the sample to 80"»C for 2 houre; chemical 
fixation may be accomplished by immersion of the sample in a fixative (e.g. fbrmamide. 
methanol or ethanol). Freezing is particulariy relevant for biopsies and Ussue sections and is 
usually carried out in liquid nitrogen. 

15 In one in situ hybridisation assay embodiment, the sample to be analysed is smeared onto a 
substantially planar solid support which may be a microscope slide, a filter membrane, a 
polymer membrane or another type of solid support with a planar surface. The preferred solid 
support is a microscope slide. After the smear has been prepared, it may optionally undergo 
further pre-treatment like treatment with bactericidal agents or additional fixation by immersion 

20 in e.g. ethanol. The sample may also be pre-treated with enzyme(s) which as primary function 
permeabilise the cells and/or reduce the viscosity of the sample. It may fUrther be 
advantageous to perform a pre-hybridisation step in order to block sites which might othenwise 
give raise to non-specific binding. For this purpose, blocking agents like skim milk, and non- 
target probes may suitably be used. The components of the pre-hybridisation mbdure should 

25 be selected so as to obtain an effective saturation of sites in the sample that might otherwise 
bind the probe non-specifically. The pre-hybridisation buffer may suitably comprise an 
appropriate buffer, blocking agent(s), and detergents. 

During the in situ hybridisation, one or more probes according to the present invention are 
30 brought into contact with any target rRNA or rDNA inside the cells In a hybridisation solution 
under suitable stringency conditions. The concentration of the applied probe may vary 
depending on the chemical nature of the probe and the conditions under which hybridisation is 
carried out. Typically, a probe concentration between 1 nM and 1 \iM is suitable. The 
hybridisation solution may comprise a denaturing agent which allows hybridisation to take 
35 place at a lower temperature than would be the case without the agent. The denaturing agent 
should be present in an amount effective to increase the ratio between specific binding and 
non-specific binding. The effective amount of denaturing agent depends on the type used and 
on the probe or combination of probes. Examples of denaturing agents are fomnamide, 
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ethylene glycol and glycerol, and these niay preferably be used in a concentration above 10% 
and less than 70%, The preferred denaturing agent Is formamide which is used more 
preferably in concentrations fironri 20% to 60%. most preferably from 30% to 50%, It should be 
noted that in several instances It may not be necessary or advantageous to include a 
denaturing agent 
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Prior to hybridisation or during hybridisation, a mixture of random probes (probes with random, 
non-selected sequences of optionally different length) may be added in excess to reduce non- 
specific binding. Also, one or more non-sense probes (probes with a defined nucleobase 
sequence and length differing from the nucleobase sequence of the target sequence) may be 
added in excess In order to reduce non-specific binding. Also, non-specific binding of 
detectable probes to one or more non-target nucleic acid sequences can be suppressed by 
addition of one or more unlabelled or independently detectable probes, which probes have a 
sequence that is complementary to the non-target sequence(s). It is partlculariy advantageous 
to add such blocking probes when the non-target sequence differs from the target sequence 
by only one mismatch. 



It may be advantageous to include Inert polymers which are believed to increase the effective 
concentration of the probe(s) in the hybridisation solution. One sudh macromolecule is dextran 

20 sulphate which may be used in concentrations of from 2.5% to 15%. The preferred 
concentration range is from 8% to 12% in the case of dextran sulphate. Other useful 
macromolecules are polyvinylpyn-olidone and ficoll, which typically are used at lower 
concentrations, e.g. 0.2%. It may further be advantageous to add one or more detergents 
which may reduce the degree of non-specific binding of the peptide nucleic acid probes. 

25 Examples of useful detergents are sodium dodecyl sulphate. Tween 20* or Triton X-100*. 

Detergents are usually used in concentrations between 0.05% and 1.0%, preferably between 
0.05% and 0.25%. The hybridisation solution may furthermore contain salt. Although it is not 
necessary to include salt in order to obtain proper hybridisation, it may be advantageous to 
include salt in concentrations from 2 to 500 mM. or suitably from 5 to 100 mM. 

30 

During hybridisation, other important parameters are hybridisation temperature, concentration 
of the probe and hybridisation time. The person skilled in the art will readily recognise that 
optimal conditions must be determined for each of the above-mentioned parameters according 
to the specific situation, e.g. choice of probe(s) and type and concentration of the components 
35 of the hybridisation buffer, in particular the concentration of denaturing agent. Presence of 
volume excluders may also have an effect 

Following hybridisation, the sample is washed to remove any unbound and any non- 
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specifically bound probe, and consequently, appropriate stringency conditions should be used. 
By stringency is meant the degree to which the reaction conditions favour the dissociation of 
the formed hybrids. The stringency may be Increased typically by increasing the washing 
temperature and/or washing tinrte. Typically, washing times from 5 to 40 minutes may be 
sufficient Two or more washing periods of shorter time may also give good results. A range of 
buffers may be used. Including biological buffers, phosphate buffers and standard citrate 
buffers. The demand for low salt concentration In the buffers Is not as pertinent as for DNA 
probe assays due to the difference response to salt concentration. In some cases, it is 
advantageous to increase the pH of the washing buffer as it may give an increased signal-to 
noise ratio (see \NO 97/18325). This is conceivably due to a significant reduction of the non- 
specific binding. Thus, it may be advantageous to use a washing solution with a pH value form 
8 to 10.5, preferably from 9 to 10. 

Visualisation of bound probe(s) must be canied out with due regard to the type of label 
chosen. There are a wide range of useful probe labels, in particular various fluorescent labels 
such as fluorescein, rhodamine and derivatives thereof. Furthennore, labels like enzymes 
(e.g. peroxidases and phosphatases) and haptens (e.g. biotin, dlgoxigenln, dinitro benzoic 
acid) may suitably be applied. In tiie case of fluorescent labels, tiie hybrids formed may be 
visualised using a microscope with a magnification of at least x 250. preferably x 1000. The 
visualisation may further be carried out using a CCD (charge coupled device) camera 
optionally controlled by a computer. When haptens are used as labels, the hybrids may be 
detected using an antibody conjugated with an enzyme. In these cases, the detection step 
may be based on colorimetry, fluorescence or luminescence. 

The probes may altemativeiy be labelled with fluorescent particles having the fluorescent label 
embedded in the particles (e.g. Estapor K coulored microspheres), located on tiie surfece of 
the particles and/or coupled to tiie surfaces of the particles. As the particles have to come into 
contact with the target nucleic acids within the cells, the use of fluorescent particles may 
necessitate pretreatment of the bacteria. Relatively small particles e.g. about 20 nm may 
suitable be used. 

In another in situ hybridisation embodiment, frozen tissue or biopsy samples are cut Into thin 
sections and transferred to a substantially planar surface, preferably microscope slides. Prior 
to hybridisation, the tissue or biopsy may be treated with a fixative, preferably a precipitating 
fixative such as acetone, or the sample is incubated in a solution of buffered formaldehyde. 
Alternatively, ttie biopsy or tissue section can be transferred to a fixative such as buffered 
formaldehyde for 12 to 24 hours and following fixation, the tissue may be embedded In paraffin 
forming a block ftx)m whteh ttiin sections can be cut Prior to hybridisation, the tissue section is 
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dewaxed and rehydrated using standard procedures. Permeabiiisatton (e.g. treatment with 
proteases, diluted acids, detergents, alcohol and/or heat) may in some cases be 
advantageous. The selected method for penmeabilisation depends on several factors, for 
Instance on the fixative used, the extent of fixation, the type and size of sample, and on the 
6 applied probe. For these types of samples, sample processing, prehybridisation, hybridisation, 
washing and visualisation may be carried out using same or adjusted conditions as described 
above. 

In a further embodiment of the in situ assays, the bacterial cells are kept in suspension during 
10 fixation, prehybridisation, hybridisation and washing are carried out under the same or similar 
conditions as described above. The preferred type of label for this embodiment is fluorescent 
labels. This allows detection of hybridised cells by flow cytometry, recording the intensity of 
fluorescence per cell. Bacterial cells in suspension may further be coupled to particles, 
preferably with a size of from 20 nm to 10 pm. The particles may be made of materials well- 
15 known in the art like latex, dextran, cellulose and/or agarose, and may optionally be 

paramagnetic or contain a fluorescent label. Normally, bacterial cells are coupled to particles 
using antibodies against the target bacteria, but other means like molecular imprinting may 
also be used" Coupling of the bacterial cells to particles may be advantageous in sample 
handling and/or during detection. 

20 

In the embodiments of in situ hybridisation described above, the probes according to the 
invention are used for detecting a target sequence of one or more mycobacteria. In a 
prefen-ed embodiment, the probes are suitable for detecting a target sequence of 
mycobacteria of the Mycobacterium tuberculosis Complex (MTC), mycobacteria other than the 
25 Mycobacterium tuberculosis Complex (MOTT), or mycobacteria of the Mycobacterium avium 
Complex (MAC). The probes are further suitable for detecting simultaneously different target 
sequences originating from the same mycobacteria. 

Samples to be analysed using in vitro-based assays need to undergo a treatment by which the 
30 nucleic acids are released from the bacterial cells. Nucleic acids may be released using 
organic solvents, strong chaotroplc reagents such as high concentrations of guanidlne 
thiocyanate. enzymes, bead beating, heating, sonicatlon and/or application of a French press. 
The obtained nucleic acids may undergo additional purification prior to hybridisation. 

35 In.one in vitro hybridisation embodiment, the sample comprising the target nucleic acid is 
added to a container comprising immobilised capture probe{s) and one or more probe(s) 
labelled to function as detector probe(s). The hybridisation should be performed under suitable 
stringency conditions. The hybridisation solution may further comprise a denaturing agent. 
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blocking probes, inert polymers, detergents and salt as described for the in situ-type assays. 
Likewise, the hybridisation temperature, probe concentration and hybridisation time are 
important parameters that need to be controlled according to the specific conditions of the 
assay, e.g. choice of peptide nucleic add probe{s) and concentration of some of the 
ingredients of the hybridisation buffer. If hybrUjisation of the target nucleic actd to the capture 
probe(s) and detector probe(s). respectively, is perfbmied in two separate steps, different 
parameters, in particular different stringency conditions, may be used in these steps. The 
concentration of the capture probe may be higher for in situ assays as hybridisation may be 
controlled better and washing can be performed more efficiently. 

The capture probes may be immobilised onto a solid support by any means, e.g. by a coupling 
reaction between a cartjoxylic add on a linker and an amino derivatlsed support. The capture 
probe may further be coupled onto the solid support by photochemical activation of 
photoreactive groups which have been attached absorptively to the solid support prior to 
photochemical activation. Such photoreactive groups are described in the US 5 316 784 A. 
The capture probes may further be coupled to a hapten which allows an affinity based 
immobilisation to the solid support One such example is coupling of a biotin to the probe(s) 
and immobilisation via binding to a steptavidin-coated surface. 

20 The solid support may take a wide variety of forms well-known in the art, such as a microtiter 
plate having one or more wells, a filter membrane, a polymer membrane, a tube, a dip stick, a 
strip and partides. Filter membranes may be made of cellulose, celluloseacetate. 
polyvinylidene fluoride or any other materials well-known in the art. The pdymer membranes 
may be of polystyrene, nylon, polypropylene or any other materials well known in the art. 

25 Partides may be paramagnetic beads, beads made of polystyrene, polypropylene, 

polyethylene, dextran. nylon, amyloses, celluloses, polyacrylamides and agarose. When the 
solid support has the form of a filter, a membrane, a strip or beads, it (they) may be 
incorporated into a single-use device. 

30 The selection of the label of the detector probe(s) depend on the specific assay format and 
possible instrumentation. When biotin labelled probes are used, the hybrids may be detected 
using streptevidin or an antibody against the biotin label which antibody or streptevidin may be 
conjugated with an enzyme and the actual detection depend on the choice of the specific 
enzyme, preferably a phosphatase or a peroxidase, and the substrate for the selected 

35 enzyme. The signal may In some cases be enhanced using commerdally available 

amplification systems such as the catalysed signal amplification system for btotinylated probes 
(CSA by DAKO). Various polymer-based enhancement systems may also be used. An 
example Is a dextran polymer to which both a hapten specific antibody and an enzyme Is 
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coupled. The detector probe(s) may further be labelled with other haptens, e.g. digoxigenin, 
dinitro benzoic acid and fluorescein, in which case the hybrids may be detected using an 
antibody against the hapten which antibody may be conjugated with an enzyme. It is even 
possible to apply detector probe(s) which have enzymes coupled directly onto the probes. 
5 There are a wide range of possibilities for selection of enryme substrates allowing for 

colourimetric (substrates e.g. p-nitro-phenyl phosphate or tetra-methyl-benzidine), fluorogenic 
(substrates e.g. 4-methylumbiIIiferylphosphate) or chemiluminescent (substrates e.g. 1.2> 
dioxetanes) detection. 

10 The detector probes may further be labelled with various fluorescent labels, preferably 
fluorescein or rhodamine. in which case the hybrids may be detected by measuring the 
fluorescence. 

The detector probe(s) will typically be different from the capture probe(s), thus ensuring dual 
15 species specificity. The dual specificity will most often allow at least one of the probes to be 
shorter, e.g. a 10 mer probe. 

Furthermore, the capture of purine rich sequences may be improved by utilising bis-peptide 
nucleic acids as capture probes. Such bis-peptide nucleic acids are described in WO 

20 96/02558. The bis-peptide nucleic acids comprise a first peptide nucleic acid strand capable of 
hybridising In parallel fashion to the target nucleic acid, and a second peptide nucleic acid 
strand capable of hybridising in antiparallel fashion to the purine rich sequence of the nucleic 
acid to be captured. The two peptide nucleic acid strands are connected by a linker and are In 
this way capable of fomning a triplex structure with said purine rich sequence nucleic acid. The 

25 number of polymerised moieties of each linker-separated peptide nucleic acid may be as 

previously defined for non-bis-peptide nucleic acids. However, due to the high stability of the 
triplexes formed, bis-peptide nucleic acids with short first and second strands can be used 
making the design of a pyrimidine rich probe easier. 

30 Instead of using a detector probe, capture probe: nucleic acid complexes may be detected 
using a detection system based on an antibody reacting specifically with complexes fbmned 
between peptide nucleic acids and nucleic acids (such as described in WO 95/17430), in 
which detection system the primary antibody may comprise a label, or which detection system 
comprises a labelled secondary antibody, which specifically binds to the primary antibody. The 

35 specific detection again depends on the selected substrate which may be of any type of those 
mentioned above. 

Depending on the type of specific assay fonmat, label and detection principle various types of 
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instrumentation may be used including conventional microplate readers, lumindmeters and 
flow cytometers. Adaptation of adequate instrumentafon may allow for aulomatisatton of the 

assay. 

In an example of this emt)odlment a capture probe of the present Invention is coupled to a 
microtiter plate by a photochemical reaction between antraquinon^abelled capture probe and 
poVstyrene of the microwell. Target rRNA is added to the microwells and incubated under 
stringent conditions. Unbound rRNA is removed by washing and the microwell are incubated 
w,th a hapten-labelled detector probe under stringent conditions. The visualisation is carried 
out using an enzyme-labelled antibody against the hapten, which after removal of unbound 
antibody Is detected using a chemlluminescence substrate. 

In another example of this embodiment capture probes are coupled to latex particles, and 
hybridisation is carried out under suitable conditions in the presence of e.g. fluorescein 
labelled detector probe(s). After hybridisation and optionally washing, the hybrids are detected 
by flow cytometiy. A range of different beads (e.g. by size or colours) may carry different 
capture probes for different targets, thus allowing a multiple detection system. 

In a further embodiment of the in vitro assays fomiat. the capture probe, the target nucleic 
acid and the detector probe may hybridise in solution, and subsequently the capture probe is 
attached to a solid phase. The solid phase, the hybridisation conditions and means of 
detection may be selected according to the specific method as described above. 

In a further embodiment of in vitro assays, the target nucleic add may be immobilised onto 
25 filter or polymer membranes or other types of solid phases well-known in the art. The 

hybridisation conditions and means of detection may be selected according to the specific set- 
up as described above. 
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In a further embodiment of the in vitro assay, an array of up to 100 or even more different 
probes directed against different target sequences may be immobilised onto a solid surfece 
and hybridisation of the target sequences to all the probes is carried out simultaneously. The 
solid phase, the hybridisation conditions and means of detection may be as described above. 
This allow for simultaneous detection or identification of a range of parameters, i.e. species 
identification and resistance patterns. 

The present probes further provide a method of diagnosing infection by mycobacteria and a 
method for detemiining the stage of the intfection and the appropriate treatment by which 
methods one or more optionally labelled probes according to the invention are brought into 
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contact with a patient sample and the type of treatment and/or the effect of a treatment is (are) 
evaluated. 

Kits comprising at least one peptide nucleic acid probe as defined herein are also part of the 
present invention. Such kit may further comprise a detection system with at least one 
detecting reagent and/or a solid phase capture system. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Examples of suitable Qs of adjacent moieties are given below. Peptide nucleic acid probes 
comprising such Qs will be suitable for detecting mycobacteria, in particular mycobacteria of 
the MTC group or mycobacteria other than mycobacteria of the MTC group. The probes are 
written from left to right corresponding to from the N-terminal end towards the C-terminal end. 
Suitable Q subsequences for detecting 23S and 16S rRNA as well as 5S rRNA of the MTC 
group are given below. Suitable Q subsequences for detecting 23S and 16S rRNA of 
mycobacteria other than mycobacteria of the MTC group are further given below. The Q 
subsequences include at least one nucleobase complementary to a nucleobase selected from 
the positions given in parenthesis. The Q subsequences are given as non-limiting examples of 
construction of suitable probe nucleobase sequences. It is to be understood that the probes 
may comprise fewer or more peptide nucleic add moieties than Indicated. 

MTC group (23S) 

AGA TGC GGG TAG CAC (selected from positions 149-158 in Figure 1A). (Seq ID no 1) 

TGT TTT CTC CTC CTA (selected from positions 220-221 in Figure 1 A). (Seq ID no 2) 
ACT GCC TCT CAG CCG (selected from positions 328-361 in 

Figure 1A and Figure IB). (Seq ID no 3) 

TGA TAC TAG GCA GGT (selected from positions 453-455 in Figure 1 B). (Seq ID no 4) 

CGG ATT CAC AGC GGA (selected from positions 490-501 in Figure 1 B). (Seq ID no 5) 

TCA CCA CCC TCC TCC (selected from positions 637-660 in Figure 1C). (Seq ID no 6) 
CCA CCC TCC TCC (selected from positions 637-660 in Figure 1 C) (modified Seq ID no 6) 

TTA ACC TTG CGA CAT (selected from positions 706-712 in Figure ID). (Seq ID no 7) 

ACT ATT CAC ACG CGC (selected from positions 762-789 In Figure ID). (Seq ID no 8) 

CTC CGC GGT GAA CCA (selected from position 989 in Figure 1 D). (Seq ID no 9) 

GCT TTA CAC CAC GGC (selected from positions 1068-1072 in Figure IE). (Seq ID no 10) 

ACG CTT GGG GGC CTT (selected from position 1 148 in Figure 1 E). (Seq ID no 1 1) 

CCA CAC CCA CCA CAA (selected from positions 131 1-1329 in Figure 1E). (Seq ID no 12) 

CCG GTG GCT TCG CTG (selected from positions 1361-1364 in Figure IF). (Seq ID no 13) 

ACT TGC CTT GTC GCT (selected from position 1418 in Rgure IF). (Seq ID no 14) 

GAT TCG TCA CGG GCG (selected from positions 1563-1570 In Figure IF). (Seq ID no 15) 

AAC TCC ACA CCC CCG (selected from positions 1627-1638 In Figure 1G). (Seq ID no 16) 
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(Seq (D no 20) 
(Seq ID no 21} 



ACT CCA CAC CCC CGA (selected fton, poslBon, 1627-1638 in FIgum 1G) (Sea ID no 17. 

ACC COT TOG CTT GAG (selep^ «p„ po„«ons 167^1677 in Bgl 13 sL D Z 2 

CTT GCC CCA GTG TTA (selected fmm posttion 1718 in F.gu« 1G, ' 3^ '° 

CTC TCC CTA COG GCT (selected pos.«on, 1734-17^ ,„ Zre 1H, ' 
GAT ATT COG OTC CCC (selected ftom position, 1967-1976 in Rgure 1H)' 

ACT CCG CCC CAA CTG (select^ fro„ posiaons 2403-2420 In Rgw. 1H). (Seo ID no 2« 

CTGTCCCTAAACCCG(sele^^^„p„3«ons2457-24a8,nRi.ir ^^22 

TrCGAGGTTAGATGC(.e,ec.ea*o.posl„on.2457-2488.nBgure1l, 2 On!!! 

GTCCCTAAACCCGAT(se.eptedfro.pos«ions2457-2488,nP.gu«10 ^ ID no 25 

GGTGCACCAGAGGTT(se,ededfron,pos..lons2952.2956inPig„re1 . SJ.dIS 

CTG GCG GGA CAA CTG (selected fron, posWons 2966-2969 In Rgur* lij ^ ^ 
TTA TCC TQA CCG AAC (selected from positions 3000-3003 in Figure 1J). 
GAC CTA TTG AAC CCG (seiect^j from positions 3097-3106 in Figure 1J). 

i MTC group (leS) 

GAA GAG ACC TTT CCG (selected from positions 76.79 in Figure 2A), 
CAC TCG AGT ATC TCC (select^ .from positions 98-101 in Figure 2A) 

ATC ACC CAC GTG TTA (selected from positions 136-136 in Figure 2a;. JsI^ ,d Z Z 

GCA TCC CGT GGT CCT (selected from positions 194-201 in Figure 2B). (Seo ID no 331 

CACAA6ACAT6CATC(se.eCedfrempo,ltions194.201inFigure2B, (SeqlDnlS 

TAA AGC GCT TTC CAC (selected. from positions 222-229 in Figure 2B). (Seq ID no 35) 

GCT CAT CCC ACA CCG (selected from position 242 in Figure 2B), • (Seq ID no 38) 

CCG AGA GAA CCC GGA (selected from position 474 in Figure 2C). (Seq ID no 37) 

AGT CCC CAC CAT TAC (selected from posftions 1 136-1 145 in Figure 2C). (Seq ID no 38) 

AAC CTC GCG GCA TCG (selecte^ from positions 1271-1272 in Figure 20. (Seq ID no 39) 

GGC TTT TAA GGA TTC (selected from positions 1287-1292 in Figure 2D). (Seq ID no 40) 

GAC CCC GAT CCG AAC (selected from position 1313 in Figure 2D). (Seq ID no 41) 

CCGACTTCACGGGGT(selectedfrempositlon 1334 in Figure 2D). (SeqiDno42) 

MTC group (5S) 

C6G AGG GGC AGT ATC (selected from posiUons 86-90 in Figure 3). (Seq |d no 43) 

Mycobacteria other than those of the MTC group (23S) 

GAT CAA TGC TCG GTT (selected from positions 99-101 in Figure 4A). (Seq ID no 44) 

TTC CCC GCG TTA CCT (selected from position 183 in Figure 4A), (seq ID no 4^ 

TTA GCC TGT TCC GGT (selected from positions 261-271 in Figure 4A>. (Seq ID no 46) 

GCA TGC GGT TTA GCC (selected from positions 281-284 In Figure 4B). (Seq |D no 47) 

TAC CCG GIT GTC CAT (selected from posifioi^s 290-293 in Figure 48). (Seq ID no 48) 
GTA GAG CTG AGA CAT (selected from positions 327-335 and 
343-357 in Figure 4B). 

(Seq ID no 49) 

GCC GTC CCA GGC CAC (selected from positions 400-W5 In 
Figure 4B and RguiB 40). - 

(Seq ID no 50) 



(Seq ID no 27) 
(Seq 10 no 26) 
(Seq ID no 29) 



(Seq ID no 30) 
(Seq ID no 31) 
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CTC GGG TGT TGA TAT (selected from positions 453-162 in Figu™ 4C). (Sea ID no 5« 

ACTATTTCACTCCCT(se.eCedfr«„posi«on,587-599U,Rgu«4C, S^IDn^S 

ACGCCATCACCCCAC(se.ec.ed*on,pos.«ons637^0lnF,g..4D, sl^ D oj 

CGACGTGTCCCTGAC(se,ectedfro.pos«,ons704.7,2,nF,gure4D, 8e^ D IS 

ACTACACCCCAAAGG(seleCedfron,pos«on.763.789h.FIgu™4E); (SeqloHoS 

CACGCTTTTACA CCA (selected from positions 1060-1074 in Figure 4E) (SeqlDno56) 

GCG ACT ACA CAT CCT (selected from positions 1177-1 18S in Figure 4E). (Seq ID no 57^ 

CGG CGC ATA ATC ACT (selected from position, 1259-1265 in Fig^e 4E). (Seq ID no S 

CCA CAT CCA CCG TAA (selected from positions 1311-1327 in Figure 4F). (Seq ID no 59 

CGC TGA ATG GGG GAC (selected from positions 1345-1348 in Figure 4F). (Seq ID no 60) 

GGA GCT TCG CTG AAT (selected from positions 1361-1364 In Figure 4G). (Seq ID no 61 

CGG TCA CCC GGA GCT (selected from positions 1361-1364 in Figure 4G). (Seq ID no 62) 

GGA CGC CCATAC ACQ (selected from positions 1566-1570 in Figure 4G). (Seq ID no 63) 

GAA GGG GAA TGG TCG (selected from positions 1608-1613 In Figum 4H), (Seq ID no 64) 

AAT CGC CAC GCC CCC (selected from positions 1626-1638 in Figure 4H). (Seq ID no 65) 

CAG CGA AGG TCC CAC (selected from positions 1651-1659 in Figure 4H). (Seq ID no 66) 

GTC ACC CCA TTG CTT (selected from positions 1675-1677 in Rgure 4H). (Seq ID no 67) 

ATC GCT CTC TAG GGG (selected from positions 1734-1741 in Figure 4H). (Seq ID no 68) 

GTG TAT GTG CTC GCT (selected from positions 1847-1853 In Figure 41), (Seq ID no 69) 

ACG GTA TTC CGG GCC (selected from positions 1967-1976 In Figure 41). (Seq ID no 70) 

GGC CGA ATC CCG CTC (selected from positions 2006-2010 in Figure 41). (Seq ID no 71) 

AAA CAG TCG CTA CCC (selected from positions 2025-2027 in Figure 41). (Seq ID no 72) 

CCT TAC GGG TTA ACG (selected from positions 2131-2132 in Figure 4J), (Seq ID no 73) 

GAG ACA GTT GGG AAG (selected from positions 2252-2255 in Figure 4J). (Seq ID no 74) 
25 TGG CGT CTG TGC TTC (selected from positions 2396-2405 in 

Figure 4J and Rgure 4K). 

' (Seq ID no 75) 

CGA CTC CAC ACA AAC (selected from positions 2416-2420 in Figure 4K). (Seq ID no 76) 

GAT AAG GGT TCG ACG (selected from positions 2474-2478 in Rgun 410. (Seq ID no 77) 

ATC CGT TGA GTG ACA (selected from position 2687 in Figure 4K). (Seq ID no 78) 

30 CAG CCC GTT ATC CCC (selected from position 2719 in Figure 4K). (Seq ID no 79) 

AAC CTT TGG GAC CTG (selected from position 2809 in Figure 4L). (Seq ID no 80) 

TAA AAG GOT CAQ AAA (selected from positions 3062-3068 In Rgure 4L). (Seq ID no 81) 

GTC TGG CCT ATC AAT (selected from positions 3097-3106 In Figure 4L). (Seq ID no 82) 

35 Mycobacteria otherthan those Of the MTCgmup(l6S) 

AGA TTG CCC ACG TGT (selected from positions 135-136 In Figure 5A). (Seq ID no 83) 

AAT CCG AGA AAA CCC (selected from positions 472-475 In Figure SA). (Seq ID no 84) 

GCA TTA CCC GCT GGC (selected from positions 1136-1144 in Fiflure5A). (SeqlDno85) 

TTA AAA GGA TTC GCT (selected from positions 1287-1292 in Figure SB). (Seq ID no 86) 

40 AGA CCC CAA TCC GAA (selected from position 13131n Rgure SB). (Seq 10 no 87) 

GAC TCC GAC TTC ATG (selected from pMKion 1334 in Figure 5B). (Seq tD no 88) 
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Drug resistance 

23S-mediated macmfide resistance (ii/f. avium) 

GTCTTTTCGTCCTGC {^d-type) (selected from posKlons 2^^^ 
in Figure 6), 

ore TTC TCG TCC TGC (selected fro. posi«ons 2563 in rL" « T ^ 

GTCTTGTCGTCCTGC (.e.eCe. fro. p„,«„„3 2568 . R I ^ ' '^^^ 

OTCTATTCGTCCTGC(se.ec.edfro.pos«o„,2568,„Hi,;J ^ .".S 

°^CTCTTCGTCCTGC(,eteCedfron.posi,ions2568lnRLre6 Tn'S 

10 -CTGTTCOTCCTGC(se.«ed^„p„3.ons25e8.„n:uJ: ;-;°:::;> 

16S.mediated streptomycin resistance (M. tubeivulosls) 

I AOT TCT (serected from positions 452 in Rgure 7). ,n «^ 

16 ;;TGGCCGGTCCTTCT(se,«.«.fron,posr«ons452,„P,;u™J sell'L^ 

TTGGCCGGTTCTTCT(se,«.edfro.pos«ions452i„RgL^ sL n o« 

ACCGCGGCT6CTGGC(wnd-,ype,(selec.edfro.posi«<^s473:477 

in Figure 7), 

ACC GCG GCT ACT GGC (se.ec.ed fro. posiUons 473 in Figure 7). ,0 n"! Zl 

20 ACCGCGGCTCCTGGC(se,ec.edfro.posHlons473,nFlu.7 or sL 0 no « 

ACCGCGGCTTCTGGC(seleCedfron,pos.«ons473lnFlgure7, • TJ^T 12 

CGGCAGCTGGCACGT(s^e.edfro.posr«ons474ln4re . o ^ 

CGG CCG CTG GCA CGT (selected fro. positions 474 In Figure i ^ Z Z 

CGG CTGCTGGCACGT(selectedfro.posl«ons474lnFlgure7, (sH ID no 

25 CGTATTACCGCAGCT (selected fro. positions 477 In Figure 7, (Sea D no ^ 

CGT ATT ACC GCC GCT (selected fro. positions 477 in Figure 7). s« ID no 0« 

TTC CTT TAA GTT TTA (selected fro. positions 865 In Figure 7). «eo ID no 111! 

rrc CTT TTA GTTTTA (selected fro. positions 865 In Figure 7). (Seo ID no 113 

TTC CTT AGA GTT TTA (selected fro. posiUons 866 In Figure 7). Z Z 1 Z 

TTCCTT6GAGTTTTA(selecledfto.posltlon.86einRgu«7). (SeqlDno116) 
Other examples of suitable Q subsequences are given below. 
CAT GTG TCC TGT GGT and 

CGTCAGCCCGAGAAA (SeqlDno117) 
selected so as to be complementanr to M. gortonae 18S rRNA (positions ITA^lS andVs^ 
466, respectively, of GenBank entiy GB:IWISGRR16SI, accession no. M29563) These 
positions correspond to positions 192-208 and 473-187, respectively, of the alignments shown 
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in Figure 2 and 5. Probes having this or a similar nucleobase sequence are suitable for 
detecting M. gordonae. 

CACTACACACGCTCG.and ,^ 

5 TGGCGTTGAGGTTTC ,e .r. ' 

(Seq ID no 120) 

selected so as to be complementary to positions 781-795 and 2369-2383. respectively, of M. 
kansasli 23S rRNA (GenBank entry MK23SRRNA accession number 217212). These 
positions correspond to positions 774-794 and 2398-2412, respectivety. of the alignments 
shown in Figure 1 and 4. Probes having this or a similar nucleobase sequence are suitable for 
1 0 detecting M. kansasli. 
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Precursor rRNA 

AAC ACT CCC TTT GGA 



(Seq ID no 123) 



A peptide nucleic acid probe having the above-Indicated nucleobase sequence Is directed to 
M. tuberculosis precursor rRNA. The probe is complementary to positions 602 to 616 of 
GenBank accession number X68890. 



Especially, probes based on those nucleobase sequences with sequence identification 
20 numbers Seq ID no 62. 79 and 80 (and other probes selected from positions 1361-1364 in 

Figure IF. 2719 in Figure 4K and 2809 In Figure 4L) are suitable for detecting M. avium. 

Probes based on the nucleobase sequence with sequence identification number Seq ID no 55 

(and other probes selected from positions 763-789 in Figure 4E) are suitable for detecting M. 

avium. M. Intracellulare and M. scrofulaceum as a group (the organisms tenned the MAIS 
25 group of mycobacteria). In addition, probes based on the nucleobase sequences with 

sequence identification numbers Seq ID no 77 and 81 are suitable for detecting M. avium. IVI. 

intracellulare and M. paratuberculosis as a group. 

The invention Is further illustrated by the non-limiting examples given below. 

30 

EXAMPLES 
EXAMPLE 1 



Mycobacterium species (M. bovis and M. intracellulare) 23S ri3NA were partly amplified by 
PGR. and the PGR products were sequenced (both strands) using CyS-labelled 
oligonucleotide primers (DNA Technology, Aarhus^ Denmaric) and the 7-dea2a.dGTP Thermo 
Sequenase cycle sequencing kit from Amersham. Utile Chalfont. England. Sequences were 
read using an ALFexpress automated sequencer and ALFwin (version 110) software from 



so 

Pharmacia Biotech. Uppsala. Sweden. M. bovis and M. intracellulare 23S rRNA sequences 
a^ induded at the following positions of the 23S rONA sequence alignments: positions 681- 
729 (Figures 1C and 4D). positions 761^00 (Figures 1D and 4E), positions 2401-2440 
(Figures 1H and 4K). positions 2441-2480 (Figures 1. and 4K). positions 2481-2520 (Rgure 
II). positions 3041-3080 (Figure 4L). and positions 3081-3120 (Figures 1J and 4L). 

EXAMPLE 2 



sequence alignments (see Figures 1 to 5) of 23S. 16S and 5S rDNA of mycobacteria of the 
MTC group, and 23S and IBS rDNA of mycobacteria other than those of the MTC group 
(MOTT) were done using the Megalign (version 3.12) alignment tool from DIMASTAR 
(Madison. Wl. USA). Up to one hundred sequences were aligned at a time. 

Peptide nucleic acid probes in which the nucleobase sequence was complementary to 
distinctive mycobacterial rRNA were designed with due regard to secondary structures using 
the PnmerSelect program (version 3.04) from DNASTAR. As a control of sequence specificity 
ail probe sequences were subsequently matched with the GenBank and EMBL databases 
using BLAST sequence similarity searching at the National Center for Biotechnology 
Infonmation (http:/Avww.ncbl.nlm.nih.gov). 



As examples, the following sequences were selected: 



MTC 238 

TCA CCA CCC TCC TCC 
CCA CCC TCC TCC 
ACT ATT CAC ACG CGC 
CCA CAC CCA CCA CAA 
AAC TCC ACA CCC CCG 
ACT CCA CAC CCC CGA 
ACT CCG CCC CAA CTG 
CTG TCC CTA AAC CCG 
TTC GAG GTT AGA TGC 
GTC CCT AAA CCC GAT 
GAC CTA TTG AAC CCG 

MTC16S 

GCA TCC CGT GGT CCT 
CAC AAG ACA TGC ATC 
GGC TTT TAA G<3A TTC 



(Seq ID no 6) 
(modified Seq ID no 6) 

(Seq ID no 8) 
(Seq ID no 12) 
(Seq ID no 16) 
(Seq ID no 17) 
(Seq ID no 22) 
(Seq ID no 23) 
(Seq ID no 24) 
(Seq ID no 25) 
(Seq ID no 29) 



(Seq ID no 33) 
(Seq ID no 34) 
(Seq ID no 40) 
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(Seq ID no 44) 
(Seq ID no 76) 



(Seq ID no 85) 



(Seq ID no 90) 
(Seq ID no 91) 
(Seq ID no 92) 
(Seq ID no 93) 
(Seq ID no 94) 
(Seq ID no 95) 



(Seq ID no 123) 



MOTT 23S 

GAT CAA TGC TCG GTT 
CGA CTC CAC ACA AAC 

5 MOTT16S 

GCA TTA CCC OCT GGC 

Drug resistance 

GTC TTA TCG TCG TGC 
10 GTC TTC TCG TCC TGC 
GTC TTG TCG TCC TGC 
GTC TAT TCG TCC TGC 
GTC TCT TCG TCC TGC 
GTC TGT TCG TCC TGC 

15 

Precursor rRNA 

AAC ACT CCC TTT GGA 

Non-sense probes 

20 GTCCGTGAACCCGAT (Seq ID no 121) 

TACGCTCTTTGAGCT (Seq ID no 122) 

EXAMPLE 3 

25 Peptide nucleic acid probes were synthesised using an Expedite 8909 Nucleic Acid Synthesis 
System purchased from PerSeptrve Biosystems (Framingham. USA). The peptide nucleic acid 
probes were terminated with two p-alanine molecules or with one or two lysine molecule(s) 
and, before cleavage from the resin, labelled with 5-(or 6)-carboxyfluorescein (Flu) or 
rhodamine (Rho) at the p-amino group of alanine (peptide label) or e-amino group of lysine 
(peptide label), respectively. Probes were purified using reverse phase HPLC at 50'C and 
characterised using a G2025 A MALDUTOF MS instnjment (Hewlett Packard. San Fernando. 
California, USA). Molecularweightsdetermlned were within 0.1% of the calculated molecular 
weights. 

35 The following labelled peptide nucleic acid probes were synthesised: 
MTC23S 

Lys(Flu)-Lys(Flu).TCA CCA CCC TCC TCC-NH^ (OK 446/modified Seq ID no 6) 

Lys(FIu).Lys(Flu).CCA CCC TCC TCC-NH, (OK 575/modified Seq ID no 6) 

40 Lys(Flu).Lys(Flu)^CT ATT CAC ACG CGC-NH^ (OK 447/modifled Seq ID no 8) 
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Lys(Flu).ACT ATT CAC ACG CGC-NHj 
Lys(FluHys(FluH^CA CAC CCA CCA CAA-NHj 
Lys{RuH.ys(RuMAC TCC ACA CCC CCG-NHj 
Lys(RuKys(Ru)-ACT CCA CAC CCC CGA-NHj 
5 Lys(nuKys(Flu)-ACT CCG CCC CAA CTG-NHj 
Ly8(FfuKy8(Flu)-CTG TCC CTA AAC CCG^^Hj 
Lys(F!u)-Lys(Fru)-TTC GAG GTT AGA TGC-NHj 
Lys(nu)-TrC GAG GTT AGA TGC-NHj 
Lys(Ftu)-Lys(Flu)-GTC CCT AAA CCC GAT-NHj 
10 Lys(Flu)-GTC CCT AAA CCC GAT-NHj 
Lys(Flu)-GAC CTA TTG AAC CCG-NHj 

MTC16S 

Lys(Flu)-Lys{Flu)-Gly-GCA TCC CGT GGT CCT-NHj 
1 5 Lys(Flu)-Lys(Flu)-CAC AAG ACA TGC ATC-NHj 
Lys(Flu)-CAC AAG ACA TGC ATC-NHj 
Lys(Flu)-GGC TTT TAA GGA TTC-NHj 
Lys(Rho)-GGC TTT TAA GGA TTC-NHj 

20 MOTT 23S 

Flu-p-Ala-p-Ala-GAT CAA TGC TCG GTT-NHj 
Flu-p-Ala-P-Ala-CGA CTC CAC ACA AAC-NHj 

MOTT16S 

25 Flu-p-Ala-p-Ala-GCA TTA CCC GCT GGC-NHj 
Drug resistance 

Lys(Flu)-GTC TTT TCG TCC TGC-NHj 
Lys(Rho)-GTC TTA TCG TCC TGC-NHj 
30 Lys(Rho)-GTC TTC TCG TCC TGC-NHj 
Lys(Rho)-GTC TTG TCG TCC TGC-NHj 
Lys<RhoH3TC TAT TCG TCC TGC-NHj 
Lys(Rho)-GTC TCT TCG TCC TGC-NHj 
Lys(Rho)-GTC TGT TCG TCC TGC-NHj 

35 

Precursor rRNA 

Lys(Flu)-AAC ACT CCC TTT GGA-NH, 

Reduction of non-specific binding 

40 GTC CGT GAA CCC GAT-NHj 

Gly-TAC GCT CTT TGA GCT-NHj 



(OK 688/modified Seq ID no 8) 
(OK 448/modif!ed Seq ID no 12) 
(OK 449/modmed Seq ID no 16) 
(OK 309/modified Seq ID no 17) 
(OK 450/modified Seq ID no 22) 
(OK 30S/modmed Seq ID no 23) 
(OK 306/modified Seq ID no 24) 
(OK 682/modified Seq ID no 24) 
(OK 307/modlfied Seq ID no 25) 
(OK 654/modified Seq ID no 25) 
(OK 660/modified Seq ID no 29) 

(OK 223/modlfied Seq ID no 33) 
(OK 310/modifled Seq ID no 34) 
(OK 655/modlfied Seq ID no 34) 
(OK 689/modified Seq ID no 40) 
(OK 702/modlfied Seq ID no 40) 

(OK624/modifled Seq ID no 44) 
.(OK612/modified Seq ID no 76) 



(OK 623/modifled Seq ID no 85) 



(OK 745/modified Seq ID no 89) 
(OK 746/modified Seq ID no 90) 
(OK 746/niodified Seq ID no 91) 
(OK 746/modlfied Seq ID no 92) 
(OK 747/modified Seq ID no 93) 
(OK 747/irnodified Seq ID no 94) 
(OK 747Anodlfied Seq ID no 95) 



(OK 749/modlfled Seq ID no 123) 



(OK 507/modified Seq ID no 121) 
(OK 714/modlfied Seq ID no 122) 



EXAMPLE 4 



S3 



InitialV the ability of the peptide nudeic acid probes to react vvith target sequences of 
mycobacterial rRNA was tested by dot blot carried out with rRNA from M. bovis BCG M 
avium and E.C0IL 

M. bovIs BCG (Stateris Senim Institut Denmark) and M. intracellulare (kindly provided by 
• Statens Serum Institut) were grown in Dubos broth (Statens Serum Institul) or on LOwenstein- 
Jensen slants (Statens Ser,im Institut) at 37 -C. RNA was isolated from the bacterial cells 
using TRI^eagent (Sigma) following manufacture's directions. E. coll rRNA was purchased 
from Boehrlnger IMannheim, Germany. 

200 ng M. bovis RNA. M. intracellulare RNA and E. coil rRNA were dotted onto membranes 
(Schleicher & SchOel. NY 1 3 N). and the mernbranes were dried and fixed under UV light for 2 
minutes. 

Protocol for dot blot assay 

Each of the probes (70 nM probe in hybridisation solution (50 mM Tris, 10 mM NaCI 10% 
(w/v) Dextran sulphate. 50% (vA,) glycerol. 5 mM EDTA. 0.1% (wM sodium pyrophosphate 
0.2% (w/v) polyvinylpyrrolidone, 0.2% (w/v) Rcoil, pH 7.6.)) were spotted onto a membrane 
Hybridisation was continued for 1.5 hours at 55 or 65 -C. respectively. The membranes were 
rinsed 2 times for 15 minutes in 2 x SSPE buffer (1 x SSPE: 0.15 M NaCI. 10 mM sodium 
phosphate. 1 mM EDTA. pH 7.4) containing 0.1% SDS at ambient tempeiBtura. and 
subsequently 2 times for 15 minutes in 0.1 x SSPE buffer containing 0.1% SDS at 65 or 65 -C 
(see Table 1). The membrane was blocked with 0.5% (w/v) casein dissolved in 0.5M NaCI. 
0.05M TrIs/HCI pH 9.0. Thereafter, the membranes were incubated for 1 hour with rabbit-anti 
FITC antibody labelled with alkaline phosphatase (AP) (DAKO K0046 vial A) diluted 1:2000 in 
0.5% casein dissolved in 0.5M NaCI. 0.05M Tris/HCI pH 9.0. After incubation, the membranes 
were washed 3 times 5 minutes with TST buffer (0.05M Tris. O.SM NaCI. 0.5% (w/v) Tween 
20 . pH 9) at ambient temperature. Bound probes were visualised foltowing standard 
procedures using BCIP/NBT. and the visualisation was stopped by Incubation for 10 minutes 
with 10 mM EDTA. The blot was dried at 50 "C. 



The results are given in Table 1 below. 
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TABLE 1 




. Of «ieMTC group) Whereas no 



EXAMPLE 5 



This example illustrates the ability of the peptide nucleic add p«*e8 to penetrate the 

MAC group, or Ne«seria gonorrhoeae, by fluorescence « s/fc, hybrldlsatton (FISH). 

Preparation of bacteria! slides 

M. bovis BCG (Statens SeruminstHut DenmarK). M. avium (kindly provided by Statens 
Se«tu..Oenmar.)^ 

DenmarK were grown in Dubos broth (Statens Serumins«tut, Denmark) or on LOwenstl- 
Jensen slants (Statens Serum.nsti.ut DenmarK) a. 37 X. N. gonorrhol (Statl 

Cultures were smeared onto m«roscope slides and fixed according to standard procedures 
Pnc.o.,e,bHdisatio^ 

subsequently nnsed With water and air dried. This stop is not essentlalf^r the ft,,k«.„g 
hybnd.sat,on step, but It is anticipated that it will kill any viable mycobaCerte on the sPdes and 
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may further serve as an additional fixation step. 



Prntocoltbr fluorescence In sUu hybridisation (FISH) 

^""•'''5""^Naa,pH10)foI.owedby30secondsinwaler 
Te^Cr '''' ~ ^'""""'^ 

ZITTZ" TTr"^' '° '"^ ^^'^J °ext«„ suiphate. 

3°/'(;'-)^""am,de.0.1./.(v/v)Tri.onX-100-5mlWEDTA.0.1»/.(w^^ 

15 PyroPf^osphate. 0.2% (wA,) polyvinylpyrrolidone. 0.2% (wMFicoll.pH 7 6^ 

m^m. d^thylpyrocarbcnate (Sigma Chemical Co.) in order to Inactivate nucleases. 

20 Mic^scoplcalV examinations were conducted using a fluorescence microscope (Leica. 
We^lar. Gen.any)e<,uipped Withe IOOx/1.20 water Objective. ^ 
m-C filter set. Mycobacteria were identified as fluorescent. 1 - 1 0 pm slender, rod-shaped 
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Fluor^cem-labelled peptide nucleic acid probes tergeting 23S rRNA of the mycobacteria of 
ttje MTC grx^p (OK 306. OK 309. OK ^6. OK 449) and 1 6S rR^ 
MTC gn^up (OK 310) were tested. Individual probe concentrations and Incubation 
temperatures are listed together with the results In Table 2 and 3. 



30 TABLE 2 





OK 306 


OK 309 


OK 446 


OK 449 


M. bovis BCG 
M. avium 


250nM 
45*»C 
positive 


250nM 
45°C 


SOOnlVI 


50DnM 
55°C 


positive 


positive 


positive 




negative 


negative 


negative 


negative 


M. intracellulare 
N. gonorrhoeae 


negative 
negative 


negative 
negative 


not determined 
not determined 


not determined 
not detemnined 
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TABLES 





OK 447 


OK 310 


OK 306/OK310 






250nM 


500/500nM 




55-C 


45»C 


55-C 


M. bovis BCG 


positive 


positive 


positive 


M. avium 


negative 


negative 


negative 


M. intrace]lulare 


not determined 


negative 


negative 


N, gonorrhoeae 


not determined 


negative 


not determined 



It can be concluded that the probes are able to penetrate the mycobacterial cell wall of 
mycobacterium cultures and subsequentiy hybridise to target rRNA sequence. This makes 
5 possible the development of fluorescence in situ hybridisation (FISH) protocols for specific 
detection of mycobacteria. 

EXAMPLES 

1 0 Test of probes on clinical smears of sputum 

The ability of the peptide nucleic acid to penetrate the cell wail of mycobacteria of the MTC 
group in clinical samples was tested on smears of sputum from suspected cases of 
tuberculosis (kindly provided by Division of Microbiology, Ramathibodi Hospital. Bangkok. 
Thailand) by fluorescence in situ hybridisation (FISH). Smears from the same patient were 

1 5 initially evaluated positive by Ziehl-Neelsen staining, which shows only the presence of acid 
fast bacilli, not whether these are mycobacteria of the MTC group. 

Fluorescein-labelled peptide nucleic acid probes targeting 23S rRNA of\he mycobacteria of 
the MTC group (OK 306, OK 446. OK 449) and 16S rRNA of the mycobacteria of the MTC 
20 group (OK 310) were used. Furthermore, a random peptide nucleic acid probe (a 15-mer 

wherein each position may be A. T. C or G (obtained from Millipore Corporation, Bedford, MA. 
USA) was added to the hybridisation solution in order to increase the signal-to-noise ratio. 
FISH was carried out at 55 •C as described in Example 5. Applied probe concentrations are 
listed together with the results in Table 4 and 5. 
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TABLE 4 



Sample 
number 
"285 


1 OK 446/Random 
1 1»ilVI/50^iyA 


UK449/Random 


^ehl-Neeteen 
staining 


"335 


J Positive 


Positive 


4+ 




Positive 


Eq. 


2+ 


345 
~224 


Positive 


Positive 


3+ 




Positive 


Positive 


3+ 


297 


Negative 


Eq. 


2+ 


179 


Negative 


Negative 


4+ 


247 
"265 


Negative 


Negative 


2+ 


~202 


Positive 


Positive 


2+ 




Eq. 


Positive 


2+ 


TABLE 5 




sample 
number 


OK 306/OK310 
500/500 nM 


Ziehl-Neelsen 
staining 




213 1 


Positive 


4+ 




292 


Positive 


4+ 




159 


Positive 


3+ 




287 


Positive 






5>..iiiai^ slalJied by ^iehl-Neelsen staining were examin^ with a lOOx objective 



to the following method: -: 0 badlli. */-: 1-200 per 300 field.. 2*: 1-9 per 10 flalds. 3*: 1-9 per field 4*- 

>9 per field. 

Poslth,e: Several mycobacteria were Identified m the smear. Negative: No fluorescent mycobacteria 
we.« idemifled fn the smear. Eq: F«« (1-3) fluorescent mycobacteria we«i Identified In the smear. 

It appears from the table that the peptide nucleic acid probes are able to penetrate and 
subsequently hybridise to target sequence of mycobacteria of the IWTC-group in AFB^wsitive 
sputum smears. The fact that not all AFB-positive sputum smears are found positive with 
applied probes indicate that not all AFB-positive sputum smears contains mycobacteria of the 
MTC-group. 



EXAMPLE 7 



The reactivity and specificity of selected peptide nucleic acid probes for detecting 
mycobacteria of the MTC group as well as probes for detecting mycobacteria of the MOTT 
group were evaluated by fluorescence in situ hybridisation (FISH) on control smears prepared 
from cultures of different mycobacterium species. The mycobacterium species were selected 



58 



SO.S to be rep.se„.a«ve ..r me nvc»t«cter,u. genus as 



M. tuberculosis (ATCC 25177). M. bovis BCG (ATCC 35734). M. ,««cel.ub« (ATCC 13950, 
M. av.ua, (ATCC 25292). M. Ka„sas.i (ATCC12479), M. gon^onae (ATCC I^ M 
s«».U,aceu„, (ATCC 19981). M. abscessus (ATCC19977, M. a«ri„um (ATCC 927T M 

nJlnlf,?l ^^^^^^^2=°' Ou^ trm (Statens Serum 

instltut) at 37 -C wth the exception of M. marinum which was gravn at 32 "C. 

Smears were prepared as described In Example 5. FISH was earned out as described below. 
Protocol for nuomscence in sHu hybridisation (FISH) 

' Zes^^'^' '""^ "^"^ ^ the probe in 
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The slide was incubated in a humid incubation chamber at 65'C for 90 minutes 

3. The Slide was washed 30 minutes at 55-C In prewam^ed wash solution (5 mM Tris 1 5 
mM NaCI. 0.1% (vA,). Triton X-100« pH 10) Ibllowed by 30 seconds In water. 

4. The slide was dried and mounted with IMAGEN Mounting Fluid (DAKO. Copenhagen 
Denmark) 

The hybridisation solution contained 50 mM Tris. 10 mM NaCI. 10% (wA/) Dextran sulphate 
30% (v/v) fomiamide. 0.1% (v/v) Triton X-100* 5 mM EDTA. 0.1% (w/v) sodium 
pyrophosphate. 0.2% (w/v) polyvinylpyrrolidone, and 0.2% (w/v) FIcoll. pH 7.6. To avoid non- 
specific binding of the labeHed peptide nucleic add probe. 1 -5 ,M of non-labelled, non-sense 
peptide nucleic acid probe (OK 507/modified Seq ID no 121 and/or OK 714/modified Seq ID 
no 122) was added to the hybridisation solution. 

Whenever possible, the applied equipment was heat-tmated. and solutions were exposed to 
lHl/ml diethylpyrocarbonate (Sigma Chemical Co.) in ORJer to inacBvale nucleases. 

Microscopic examinations were conducted using a fluorescence microscope (Leica Wetzlar 
Gemiany) equipped with a 100x/1.30 oU objective, a HBO 100 W lamp and a FITC/TOITC diial 
band filter set. Mycobacteria were identified on basis of both fluorescence (strong, medium 
weak, no) and morphology (I-10 ^m slender, rod-shaped bacilli. Mycobacteria of the MOTT 
group may appear pleomorphic, ranging in appearance from long rods to coccoid fbmns) 

Probe concentrations are listed together with the results in Table 6 and 7 (probes targeting 
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mycobacteria of the MTC group) and Table 8 (probes targeting ,0 mycobacteria of the MOTT 

group). 



TABLE 6 





T OK 450 
1 25 nM 


OK 682 
100 nM 


OK 689 
lOOnM 


OK 688 
250 nM 


OK 660 
100 nM 


M. tuberculosis 


1 +++ 




+++ 


+++ 


+++ 




+++ 


+++ 


+++ 


+++ 


+++ 


M. intraceliuiare 




















- 






++ 






- 












- 






+++ 






- 












- 


+ 


■VI. iiiaiiiiuifi 






+ 


■ + 


+++ 










- 












- 




M. tisvescens 








- 




ivi. FUiiuuum 




+ 




- 




M. xonopi 




++ 




- 




"*"*"*■ strong fluorescen< 

TADI C ~7 

1 AdLc 7 


se, ++ medium fluorescence, + weak fluo 


rescence, - n 


0 fluorescence 


Mycobacteria 


OK 655 
150 nl^ 


OK 448 
50 nM 


OK 654 
100 nM 


OK 446 
25 nM 




M. tuberculosis 


+++ 


+++ 


+++ 


+++ 


M. bovis BCG 


+++ 


+++ 


+++ 


+++ 


M. intraceiluiare 










M. avium 










M. I^ansasil 










M. gordonae 










M. scrofuiaceum 










M. abscessus 






+ 




M. marinum 








+++ 


M. simiae 










M. szulgai 










1^. flavescens 










M. fortuitum 










M. xenof^ 






- 
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TABLE 8 



Mycobacteria " 


OK 612 


OK 624 


OK 623 




100 nM 


100 nM 


100 nM 


ivi. tubsmtloeis 
M. bovis BCG 








M. intraoellulare 




++ 


++ 


M. avium 


- 


■M-+ 


+++ 


M. kansasH 






++■!• 


M. gordonae 




++ 


++ 


M. scrofulaceum 




++ 


++ 


M. abscessus 




++ 


+++ 


M. marinum 








M. simiae 




++ 


+++ 


M. szulgai 






+++ 


M. flavescens 








M. fortuitum 




++ 




M. xenopi 









fluorescence. + weak fluorescence. - no fluorescence 

Each of probes indicated In Table 6. 7 and 8 was further Investigated with regard to 
hybridisation to other comnnon respiratory bacteria, namely Corynebacterium spp. 
Fusobacterium nucleatum. Haemophilus influenzae. Klebsiella pneumoniae, Pseudomonas 
aeruginosa. Propionibacterium acnes. Streptoeoccuc pneumoniae. Staphylococcus aureus 
Brahamella catarrahalis, Escherichia coll. Neisseria spp.. Actinobacter calcoacetlcus. 
Actinomyces spp.. Enterobacter aerogenes. Proteus mirabilis, Pseudomonas maltophilia 
Streptocussuc viridans. and Norcardia asteroides. No cross-hybridisation was observed by 
fluorescence in situ hybrMlsation to any of these bacteria In the case of OK 682. OK 654 OK 
655. OK 688, OK 660, OK 612. OK 624 and OK 623. Some cross-reactivity was observed In 
the case of OK 446 (to P. acnes). OK 448 (to P. acnes and B. catarrhalis). and OK 450 (to P. 
acnes and B. catairhalis). 

Table 6 and 7 shows that none of the MTC probes cross-r«act with M. Intracellulare and/or IVI. 
avium, but indeed strongly with M. tuberculosis and M. bovis BCG. As shown in Table 8, both 
OK 624 and OK 623 hybridise to M. Intracellulare and M. avium which are both membefs of 
the MAC gnDup, whereas none of them hybridise to M. tuberculosis or M. bovis BC6. OK 612 
hybridises to IW. avium only, it should be noted that the aligned sequence of M. Intracellulare 
has just one nucleobase difference to the target sequence of M. avium, see Figure 4K. 



The data support the use of the methodology described In dalm 3 and 4 and exemplified In ■ 
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Example 2 for design of peptide nucleic acid probes that atB capable of hybridising to target 
sequence of one or more mycobacterium species and not to other mycobacterium species 
having at least one nucleobase difference to the target sequence. 



EXAMPLES 



To study the usefulness of the peptide nucleic add probes in distinguishing between 
mycobacteria of the mc group and mycobacteria of the MOTT group, the probes were tested 
on smears of mycobacterium-posittve cultures prepared ftom 34 + 28 clinical samples (sputum 
samples, other respiratory samples and extrapulmonary samples) from individuals suspected 
of tuberculosis or other mycobacterial infections (kindly provided by the Mycobacterium 
Department. Statens Serum Institut Denmark). Complex/species identification data obtained 
with the AocuProbe tests from Gen-Probe Inc.. USA were available Ibr eadi sample. 

Table 9 shows the results obtained with four different peptide nucleic acid probes targeting 
mycobacteria of the MTC group (OK 682, OK 660. OK 688 and OK 689) and one probe 
targeting mycobacteria of the MOTT group (OK 623), and Table 10 shows ttie results obtained 
with two peptide nucleic acid probes targeting mycobacteria of the MOTT group (OK 623 and 
OK 612) and a mixture of two probes targeting mycobacteria of the MTC group (OK 688 and 
OK 689). Data are arranged according to the results obtained by AccuProbe. Sample 
preparation, hybridisation and visusdisation were perfomied as described In Example 7. 



TABLE 9 



Complex/ 
species (n) 


OK 623 
25 nM 


OK 682 
100 nM 

"p 


OK 660 
100 nM 
"p 


OK 688 
250 nM 
"p 


OK 689 
100 nM 
"p 


MTC (23) 


0 


23 


23 


23 


23 


M. avium (5) 


5 


0 


0 


0 


0 


M. gordonas (3) 


3 


0 


0 


0 


0 


Unknown (3) 


3 


0 


0 


0 


0 



The term "unknown" means that the sample not contains mycobacteria of the MTC group, or 
mycobacteria of the MAC group according the AccuProbe test but further species identification 
was not performed. 
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TABLE 10 



Complex/ 
species (n) 



OK 623 
25nM 



MTC (17) 



OK 612 
100 nM 



OK 688/OK689 
50 nM/50 nM 



M. avium (2) 
M. gordonae (4) 



16 



2 



Unknown (5) 



np denotes number of positive samplesT 

The.e™-unlc«»„-„eansfta,«,esample„o.eontel„.„,ycoba«eriaaftt,^ or 

The resulte shown in Table 9 are in confbm,i.y wHh the complex/species idenlificallon 
perfooned with the AccuProbe tests, and thus confirm that peptide nucleic acid piobe, can be 

used to detennine Whether an infecuon is caused by mycobacteria Of the MTC g«,up or by 
mycobacteria of the IMOTT group. 

From the results in Table 10. it can be seen that it is possible to differentiate between 
mycobacteria of the IWTC group and mycobacteria of the MOTT group with 100% specificity 
and 91 -94% sensitivity relative to results obtained by the AccuProbe tests. Furthemiore. OK 
612 .s very suitable for specific identification of M. avium among those being positive Ibr 
mycobacteria of the MOTT group as the result is posKlve In the case of M. avium and negative 
in the other cases of mycobacteria of the MOTT group. 

EXAMPLE 9 



Direct detecthn of mycobacteria in clinical smears of sputum 

This example demonstrates the ability of the peptide nucleic acid to detect and identify 
mycobacteria directly in AFB-positive sputum samples from suspected cases of tuberculosis 
(k.ndly provided by Division of Microbiology. Ramathlbodi Hospital. Bangkok. Thailand) and 
suspected cases of other mycobacterial infections (kindly provkled by Clinfcal Microbioiogy 
Dept. Rigshospitalet. Copenhagen. Denmarit) by RSH is shown. 

The Clinical smears were prepared according to the procedure described in Example 5 and 
FISH was performed as described in Example 7. THe results are shown in Table 11. 
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(samp,enun,5ers.45CZr T ''""^^^ 

10 hybnd,sa«on. AFB-posTJi Z^^rlTl ""'"'^"'^ ^ 
exDlain»H In * """I all probes may be 

example anUblotic t«am,en. °' ^''^ 

|n conclus.on ««r«C,den«fica«o„ of mycobacteria in smear-posl«ve spuu.m samples by 
pep..enuc.e.ca^.^ase.fluoros«^^ 

morphotog-ca, advantages of cur^n. staining methods with conoomlnan. s^ol 
EXAMPLE 10 

™s example demonstrates simultaneous detection and .den«fica«o„ of mycdbaCeria of the 
11 1 T , ""^^ "^'"^ ""^-"^ labelled probes ta^ 

fluorescence in situ hybridisation. h ^uveiy. oy 

•n addltten. smeao. containing a mbcture of M. tube-culosls and M. avium were prejTnL 
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(Table 8. last FISH was pertbrmed as described in Example 7. 

A rhodamine^abelled peptide nucleic acid probe larqetina iss *ma ^ 
MTCgroup(OK702landafi..« • . ^ "^leSrRNA of mycobacteria of ttie 

6 ,RNA!rf V fluorescein-labelled peptide nucleic acid p«,be targeting 16S 

6 '«NA<rfmycobacter,aoftheMOTTg,cup(OK623)we,«appliedsimultane^ur^^^^^^^ 
ooncentrationsUstedinTabtelztogemerwBhtberBsults. 

TABLE 12 



Mycobacterium species 


OK623/OK 702 




25/250 nM 


M. tuberculosis " 


-(e)/+++ (R) 


bovis BCG 


(R) 


IVI. avium 


+++ (Gy.(R) 


M. intracellulare 


+++(G)/-(R) 


TwTkansaiii ' 


+++(G)/-(R) 


iw. avium / IV?. tuberculosis 


+++ (6)/+++ (R) 



G green fluorescence. R red fluorescence 

Mycobacteria of the MTC group, i.e. M. tuberculosis and M. bovls. were observed as green 

fl orescent mycobacteria. Whereas rnycobacteria of the MOrrg,oup.i.e.M.aviu?J^ 
■nt^cenulareandM..^^^^^^^^ 

-n the M. av,um/M. tube^ulosis mixture were identified by a mixture of both green fluorBs^nt 
mycobacteria and red fluorescent mycobacteria. nuorescent 

The results show that it is possible to distinguish between different Mycobacterium species in 
idenrr "7 ' """"" °' """"""^ -«»-tion and 

ab^rT "^"""'^^ ""^ "'^ - •^''fe-tly 

labelled peptide nucleic acid probes. 

EXAMPLE 11 



I« Tkk' "^''^ *° precursor rRNA and tUrtherto 

d.st,r,guish between precursor rRNA of M. tuberculosis and precursor rRNA of M. avium was 
investigated by fluorescence in situ hybridisation. 

S^a. were prepared as described in Example 5 and FISH were earned out as described m 
Example 7 using a fluorescein-labelled probe ta^eting precu,«,r rRNAof M. tube«:ulo8ls (OK 



749). The results are given In Table 13. 



TABLE 13 



iwycobacterium 


OK 749 

1000 nM 


M. tuberculosis 


+ 


M. avium 





From the results, it can be concluded that it is possible to detect precursor rRNA, and further 
that is possible to distinguish between precursor rRNA from diflerent mycobacterium species 
The application of peptide nucleic add targeting precursor rRNA may be particulariy useful for 
measunng the mycobacterial growth and thus be an indicator of the viability of the 
mycobacteria. This would in particular be important for monitoring of the effect of antibiotics in 
relation to both treatment of tuberculosis and drug suscepUbility studies. 

EXAMPLE 12 



The ability of peptide nucleic acid probes for differentiation of drvg susceptible and drug 
resistant mycobacteria was evaluated using a fluorescein-labelled probe targeting the wild 
type sequence of 23S rRNA of M. avium and M. intracelluiare together with rhodamlne- 
labened probes targeUng single point mutations associated with macrolide resistance in M. 
avium and M. intracelluiare. 



Smears were prepared as described in Example 5 from cultures of M. avium (ATCC no. 
25292) and M. intracelluiare (ATCC no. 13950). These strains are anticipated to contain the 
wild type sequence of rRNA. Macrolide resistant variants were not available. FISH was carried 
out as described in Example 7 using a fluorescein-labelled peptide nucleic acid probe 
targeting wild type 23S rRNA (OK 745) and a mixture of rhodamine-labelled peptide nucleic 
acid probes targeting the three possible mutations at position 2568 (OK 746) and at position 
2569 (OK 747) of M. avium 23S lONA Of GenBank entry X52917 (see Figure 6). The results 
are given in Table 14. 
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TABLE 14 



Mycobacterium spedes 


UK745/OK746/OK747 " 
500/500/500 nM 


M. avium (wild type) 


+++(G)/-(R) 


M. intracellulare (wild type) 
strong fiuoresoencA .n#*#i.„ 


"^++(G)/-(R) 



G green fluorescence. R red fluorescence 

OK 746 and OK 747 are each a n*chire of «,ree single poln. n,u.a«oo p„*e. 

The results in Table 1 4 show that M. avium and M. intracellular ara detected with the 
uorsce^abelled pro.. (OK 745, targeting M. aviun, and M. intracellulare and 
notdetected with the um,re of r^odan,l„^abe.,ed probes (OK 746 and OK 747,1"! 

s.ng.e point mutations assodatedwrthrnacroliderasistance. such pep^ 
U^ej^,, the wi. type and dru, resistant vanants^ 

both the pred.ct.on Of an efficient therapy as wen as 1orr«on«or1r«„,eeffec.of the ^^^^^ 
EXAMPLE 13 

To Hlus^te the speed which peptide nucleic acid probes penetrate the rr^cobacterlal cel. 
wall and subsequently hybridise to their target sequence the protocol described in Example 7 
was modified to 15 minutes hybridisation «me and the results compared with 90 minutes 
hybnd.saHon time. Smears were prepared as described in Example 5. The results are given in 



TABLE 15 





OK 623 


OK 689 




25 nM 


100 nM 




15 min 


90 mirt 


15 mIn 


90 min 


M. tuberculosis 






++ 


+++ 


M. avium 


++ 


+++ 1 







++- suong fluorescence ++ medium fluwe»ceiS 
+ weak fluorescence - no fluorescence 

■me data presented in Table 15 show that hybridisation by peptide nucleic acid probes inside 

mycobacterial cells is accomplished in a very short time resulting in a detectable signal 
after ust 15 minutes incubation. Thus, the use peptide nucleic add probes malces possible the 
development of very ^st fluorescence in situ hybridisation protocols. 
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EXAMPLE 14 



To describe the ability of very short peptide nucleic add probes to hybridise to target 
sequences, a 12^er peptide nucleic acid probe labelled with fluorescein (OK 575) was tested 
by fluorescence in situ hybridisation (FISH). 

Smears were prepared as described in Example 5 and FISH were carried out as described in 
Example 7. The results are given in Table 16. 



TABLE 16 



Mycobacterium 


OK 575 




50 nM 


M. tuberculosis 


+ 


M. bovis BCG 


++ 


M. avium 




M. intracellulare 




M. kansasii 





The results in table 17 shows that a 12^rer peptide nucleic acid probe is capable of 
hybridising specifically to target sequences under the same stringency conditions as 15-inere. 
A lower florescence intensity is obtained as the T„ for a 12-mer peptide nucleic acid probe is 
lower than T„ for a 15-mer peptide nucleic acid probe. 



The data clearly suggest that by lowering the stringency condition. e.g. by decreasing the 
hybridisationAwashing temperature and/or the concentration of formamide. even shorter 
probes may be applied for detection of mycobacteria provided that specific sequences of such 
can be designed. 



